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SUMMARY 


Twenty-eight 4-year medical schools 
completed a questionnaire indicating 
the number of hours their students 
spent in classes devoted entirely to 
eancer. The schools indicated the 
number of hours students spent: (1) 
listening to lectures, (2) participating 
in discussions, (3) doing laboratory 
work with tumors, (4) observing others 
work with patients, and (5) working with 
patients. For each of these methods, 
Cancer Knowledge Examination scores 
of students in schools reporting many 
or some hours of instruction were com- 
pared with scores of students in schools 
reporting few hours or no such instruc- 
tion. An attempt was made to isolate 
the effects of each method from those of 
the other methods. The hours of in- 
struction in the first 2 years were too 
scattered to permit interpretation of 
the differences in scores. Among jun- 


iors, higher scores were obtained by 
those having laboratory work and work 
with patients. The average for those 
having more than 7 hours of lectures 
was slightly higher than for those 
having less than 7 hours. Those who 
spent more than 10 hours watching 
others work with patients had lower 
scores than the students who spent less 
than 10 hours. For seniors, discus- 
sions, laboratory work, and working 
with patients were associated with 
higher scores, but listening and observ- 
ing were not. The results of the senior 
students were the most reliable. It is 
suggested that these special courses 
helped students organize and integrate 
their knowledge about cancer. The 
approaches not well adapted to this 
purpose appeared inefficient.—J. Nat. 
Cancer Inst. 23: 605-616, 1959. 


TRADITIONALLY, CANCER, like most diseases, has been taught 
“horizontally” (in regular courses) in several departments of the medical 
school, with only the student coordinating and integrating the information 
presented to him. A 1946 report of a committee of the National Advisory 
Cancer Council suggested that the cancer training received by most 
medical students could be improved, and that a revision of this traditional 
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approach in the direction of better coordination and integration of cancer 
instruction would be advisable (1). As a result of this report, the Com- 
mittee on Cancer in the Medical School Curriculum was formed. 

The report of this Committee (2) recommended that: (a) Each school 
appoint a Cancer Coordinator from among its professors; (b) each school 
review its method of teaching cancer; (c) an integrated course in cancer 
be given in each school, preferably in the senior year; (d) cancer research 
in the schools be stimulated, and (e) the United States Public Health 
Service supply financial support for this program. 

As a result, a number of schools inaugurated special courses, such as 
cancer lectures, tumor clinics, and conferences, in an attempt to coordi- 
nate and integrate the teaching of cancer as recommended by the Com- 
mittee. Although the report of the Committee concerned itself primarily 
with instruction in the senior year, changes were also made by many 
schools in the earlier portions of their program. Therefore, data for this 
study were collected for all 4 years. 

The 150-item “Examination for Students of Medicine in the Subject 
Matter of Cancer” (3-6), administered annually to students in medical 
schools throughout the country (over 17,000 students in 59 schools in 
1953), provided data for evaluating these changes. 

A preliminary report on the effectiveness of some of the cancer teaching 
methods at the junior-class level, with the examination scores as the 
criterion of knowledge, was made by Bierman et al. (6) in 1952. The 
present study is an extension of that investigation. This report will 
present the data, class by class, with emphasis on the senior-class results, 
since it is the knowledge of the graduating senior that necessarily concerns 
us most. 


PROCEDURE 


A questionnaire was sent to all medical schools participating in the 
testing program. The schools were requested to report the number of 
class hours spent on the subject matter of cancer during the 1952-53 
academic year. They were asked to indicate separately, for both their 
regular courses and their special cancer courses, the number of hours 
spent by their students: 

(1) Listening to others talk about cancer, e.g., in lectures. 

(2) Talking with others about cancer, ¢.g., in seminars or discussion 
groups. 

(3) Working with tumors but not patients, e.g.,in pathology laboratories. 

(4) Watching others work with patients, e.g., in clinics and wards run 
exclusively by doctors. 

(5) Working with patients, e.g., in clinics and wards where the students 
participated directly. 

Twenty-eight usable replies were received. These 28 schools were all 
4-year institutions and reasonably representative of the 59 schools tested 
[cf. Bierman et al. (6)] with respect to size, location, and mean scores on 
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the test in each class. Data concerning type of students, faculty, physical 
facilities, and clinical material available for teaching were not obtained. 

A preliminary analysis of the total hours spent in regular and special 
courses for freshman, sophomore, junior, and senior classes indicated that 
the special courses were more closely related to test scores than the regu- 
lar courses were. Similar variance analyses for each class led to the same 
conclusion. Therefore, further analysis was restricted to scores in rela- 
tion to hours in special classes. 

The median number of special course hours spent in each of the 5 pro- 
cedures was determined for each class (table 1), and every school was 
classified as above or below the median in relation to each of the 5 methods. 
Thus every school was classified 5 times in each class. The schools were 
then grouped according to these classifications. Since lecturing was the 
only method used at the freshman level, these data are not shown in 
table 1. 


TasBLe 1.—Hours of instruction in special cancer courses according to teaching 
methods used 


Number of Number of 
schools with schools with Range of Range of 
Method of no special some special hours below Median hours above 
instruction course hours course hours median hours median 


Sophomores* 


12 3-32 
1-6 
6-32 
3-36 


Total, all methods 4-64 


8-36 
2-176 
4-26 
5-33 
0 2-33 
Total, all methods 22-242 


5-42 
2-32 
2-24 
12-97 
10-40 


Total, all methods 31-137 


S 


*Twenty-eight schools. 
tT wenty-seven schools. 


Grouping the schools according to methods 1, 2, 3, and 4 for sopho- 
mores, and 1, 2, 3, 4, and 5 for juniors and seniors gave results ranging 
from schools below the median, on every method, through a variety of 
combinations up to those above the median on every method. The 
examination scores of the students receiving these types of instruction 
were then compared by means of analysis of variance. The specific 
statistical method used was that for disproportionate subgroup numbers 
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1 16 
2 25 
3 22 
4 26 = 
5 28 0 
Juniorst 
Seniors* 
1 12 16 0 
2 14 14 0 
: 3 23 5 0 
4 10 18 0-6 
5 10 18 0-6 
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as outlined by Snedecor (7, pp. 248-289). The many missing possible 
combinations meant that the methods had to be compared two at a time 
in each class. 


RESULTS 


Results for each class will be discussed separately. For convenience 
it will be assumed in presenting the results that the teaching methods 
were causal factors in the differences obtained (cf. Discussion). Mean 
test scores for each combination of methods can be found in table 2. 
Few combinations can be found at all levels and many possible com- 
binations were not used at all. Results of the analyses of variance are 
shown in table 3. 


TaBLe 2.—Mean test score by class for each combination of teaching methods used* 


Sophomore Junior Senior 


Number Number Number 
Methodt of of of 
1 2 3 4 5 schools Mean Rank schools Mean Rank schools Mean Rank 
BBBBB 13 71.3 8 4 2:1 2 2 101.8 12 
BBBBA 0 1 107. 6 1 0 
BBBAB 1 75. 4 3 3 92.9 10 4 97.3 14 
BBABB 1 73. 8 5 2 100. 5 3 0 — — 
BABBB 0 — --- 1 86.0 14 3 106. 4 4 
ABBBB 6 73.3 6 4 94.8 9 0 — _- 
BBBAA 0 — — 1 98. 1 5 3 104. 8 7 
ABBBA 0 0 3 105. 1 6 
BABAB 0 0 2 108. 6 3 
if ABBAB 0 — 0 -- 1 99.0 13 
BAABB 1 78. 2 1 0 -- 0 
ABABB 3 74.1 4 0 0 
5 AABBB 2 72.3 7 2 92.2 11 1 10.7 i 
BABAA 0 1 91.6 13 0 
ABBAA 0 _ _ 1 96. 6 8 1 104. 4 8 
AABBA 0 _ _ 0 _ —_ 2 103. 3 9 
ABAAB 1 77.2 2 0 —_ — 0 — — 
AABAB 0 1 97.0 7 0 
AAABB 0 _ _ 1 105. 1 2 1 103.0 10 
AABAA 0 —_ — 3 97. 7 6 1 106. 0 5 
AAABA 0 2 108. 9 1 
AAAAA 0 _- = 2 98. 8 4 2 108. 8 2 
a Total 28 72.1 27 95. 6 28 104. 1 


*Combinations not shown, such as A:A3A3A4Bs, were not used by any school for any class. 
+A = more than the median number of hours (cf. table 1). 
B = less than the median number of hours. 


Freshmen 


Since freshman special courses in cancer were limited to lecture courses, 
only the regular versus special comparison, which favored the special 
courses, could be made. The regular hours also were almost exclusively 
in lecture courses. The differences due to the use or nonuse of special 
cancer lectures at this level are of dubious educational significance, since 
the statistically significant difference favoring special classes was less than 
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TABLE 3.—Results of the analyses of variance 


Teaching methods compared Significance level (P)* 


For Method X 
alone (effect of Y 
held constant) 


For interaction 
of X and Y 


Method X_ versus Method Y 


Lecture (#1) 
Lecture (#1) 
Lecture (#1) 
Lecture (#1) 


Discussion (#2) 
Discussion (#2) 
Discussion (#2) 
Discussion (#2) 


Laboratory (#3) 
Laboratory (#3) 
Laboratory (#3) 
Laboratory (#3) 


Watching (#4) 
Watching (#4) 
Watching (#4) 
Watching (#4) 


Working (#5) 
Working (#5) 
Working (#5) 
Working (#5) 


Discussion (#2) 
Laboratory (#3) 
Watching (#4) 
Working (#5) 


Lecture (#1) 
Laboratory (#3) 
Watching (#4) 
Working (#5) 


Lecture (#1) 
Discussion (#2) 
Watching (#4) 
Working (#5) 


Lecture (#1) 
Discussion (#2) 
Laboratory (#3) 
Working (#5) 


Lecture (#1) 
Discussion (#2) 
Laboratory (#3) 
Watching (#4) 


*As determined from Tables of F provided by Snedecor (7). Any P greater than 0.05 was considered insig 
nificant (NS). 

tSchools using Method X had lower scores than those not using the method. 

{Incomplete data. 


one point in mean score. The large number of students considered (2,114) 
and the typically small variance in freshman scores are reasons for the 
significance of this difference. 


Sophomores 


Special classes in cancer were also relatively rare at the sophomore 
level, which permitted single schools to influence strongly the results 
of the analyses. In all comparisons between two methods of instruction, 
more than half the schools fell into the group using neither method. 
In fact, 13 of the 28 schools had no special cancer courses for their soph- 
omores. The average test scores for these 13 schools were in all instances 
lower than those for the other 15 schools (see table 2), which suggests 
again, as was previously indicated, that some special instruction in cancer 
_ is better than none. 

The results of the analyses of variance for sophomores shown in table 2 
should be interpreted with great caution. It seems clear that the test 
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hae scores at schools having special laboratory work in cancer were higher 
i than those that did not. Less clear differences favor observation of others’ 
ip work with patients. The other significant differences were in each instance 
ee attributable to one single school or to the differences in hours in the 


laboratory (Method 3). Since individual schools differ in many respects, 
only the results for Method 3 and possibly those for Method 4 should be 
taken seriously. 


Juniors 


The data for the junior-class students present a somewhat more complex 
picture than for the sophomores. Taking the methods in order, Method 1 
(listening) proved to be of some value. Although Method 1 apparently 
had no significant effect when the influence of working with patients is 
eliminated, examination of the means reveals that this was the result 
of the hidden negative effects of Method 4 (observation) on Method 5. 
It does not appear that Methods 1 and 5 supplement each other. 

Method 2, as indicated in table 3, had a significant effect when the 
effects of Methods 1, 3, and 5 were controlled. The direction of this effect 
was negative. The explanation for this apparent negative effect of Method 
2 can be inferred from the fact that, when Method 2 was not employed, 
Methods 3 and 5 were utilized. Therefore, we may conclude that by 
itself, Method 2 contributed relatively little. 

It is interesting to note in table 3 that laboratory work with tumors, 
although not commonly used at the junior level, was effective here just as 
it was with the sophomores. 

Method 4 had a significant effect when contrasted with either Method 
2 or Method 5. As already suggested, all the effects apparent in the 
comparisons of Methods 2 and 4 were the hidden ones of Methods 3 and 
5. The effects of Method 4, when contrasted with Method 5, were 
negative. This interference of Method 4 with Method 5 cannot be ex- 


plained by the hidden effect of any other method of instruction. Method 

4, when considered in conjunction with Method 3, offered no independent 

contribution to cancer learning and, in fact, appeared to interfere with 

PS * the effectiveness of Method 3. One must conclude therefore, that at the 
a junior level, watching others work was not a profitable procedure. 

a, Method 5 (working with patients) contributed significantly to cancer 


knowledge at the junior level. The apparent lack of a significant effect 
for this method, when Method 3 was held constant, appears to be due to 
the interfering effect of Method 4 on Method 5. Furthermore, the 
significant interactions of Method 5 with the others was in each instance 
the result of interference from Method 4. In short, working with cancer 
patients was an effective method of instruction. 

Thus, for the juniors, one may say that Method 1 (listening to lectures) 
was fairly useful, and Methods 3 (laboratory work with tumors) and 5 
(working with patients) were very effective. Methods 2 (seminars and 
discussions) and 4 (watching others work) were of no use by themselves, 
and Method 4 actually interfered with Method 5. 
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Seniors 

At the senior level, listening to lectures appeared to have little value 
(table 3). None of its independent effects were significant, though it did 
facilitate the effectiveness of Method 5 and interfered slightly with the 
efficiency of Method 2. 

Seminars and discussions (Method 2) for the seniors, unlike the pre- 
ceding classes, were clearly of value with regard to cancer-test perform- 
ance. In fact, the difference in test scores favoring Method 2 at the senior 
level was the largest found in any of the comparisons reported in this 
paper. Not only did this type of instruction have unique value, but it 
also was facilitated by the use of Methods 4 (watching others at work) 
and 5 (working with patients). We regret that insufficient data pre- 
vented a statistical comparison between Methods 2 and 3, but the avail- 
able data do not contradict the preceding statements. 

Method 3 (laboratory work with tumors) was effective in those com- 
parisons in which Method 4 or 5 was held constant. As was true for the 
sophomores, Method 3 had no significant interaction with the other 
procedures and may be used to advantage regardless of other teaching 
methods. 

The apparently significant effects of Method 4, when Method 3 was 
held constant, came about because of the influence of Methods 2 and 5. 
Furthermore, the significant results for Method 4, when Method 5 was 
held constant, were also apparently the result of Method 2. None of 
the other comparisons for Method 4 are significant, and it may be con- 
cluded that watching others work with cancer patients had little value at 
the senior level. 

Working directly with cancer patients (Method 5) was effective when 
each of the other methods was held constant. Furthermore, its inter- 
actions with the other methods increased the effectiveness of those 
methods of instruction. 

To summarize for the seniors, Methods 2 (seminars and discussions), 
5 (work with patients), and 3 (laboratory work with tumors) were effec- 
tive techniques of instruction, in that order of importance. Neither of 
the two passive methods, listening (Method 1) and watching (Method 4), 
contributed anything significant to cancer learning at this level. 

The results for the three upper classes may be summarized, by method, 
as follows: 

1. Listening to lectures: for sophomores—apparently no influence; for 
juniors—some help; for seniors—no influence except possibly some help 
in combination with working with patients. 

2. Seminars and discussion: for sophomores—unknown; for juniors— 
little influence; for seniors—a strong positive effect, especially along with 
working with patients. 

3. Laboratory work with tumors: for sophomores—the most effective 
method ; for juniors—quite effective; for seniors—fairly effective. 

4. Watching: for sophomores—possibly effective; for juniors—no effect 
except interference with Method 5; for seniors—no effect. 
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5. Working with patients: for sophomores—no data; for juniors—very 
effective; for seniors—effective, especially in combination with Method 2. 


DISCUSSION 


In the evaluation of results of comparisons among special cancer teach- 
ing methods, a number of limitations should be kept in mind: 

1. The criterion measure was a paper-and-pencil test whose validity 
as a test of knowledge is well established (cf. 6), but whose value as a 
predictor of on-the-job performance is unknown. In short, the value of 
these data hinges upon the importance of sheer knowledge about cancer. 

2. Hours of instruction in regular courses were not considered. It was 
found that the amount of instruction in special courses was more closely 
related to test scores than the amount in regular courses, but this does 
not imply that cancer instruction should be largely or solely given in such 
special courses. Most of a student’s knowledge about cancer almost. 
certainly is obtained in the regular courses. The special courses have, 
for the most part, been superimposed on the regular curriculum and 
therefore allow no conclusion as to what the effect of replacing regular 
cancer instruction with special courses would be. Undesirable effects 
might well follow such a procedure, since the opportunity to see the 
disease in perspective and in its relation to other diseases would be lost. 
This could hamper a student’s attempt to organize his knowledge about 
cancer. 

3. Class hours in preceding years were not considered for any classes. 
It was found that the total number of hours of instruction in cancer for 
all four classes was related to the scores of seniors (who may or may not 
have received all this instruction). Both amount and quality of prior 
instruction should influence the effectiveness of any method of instruction. 
It is possible that the apparent effectiveness of a method was due to the 
pattern of previous instruction. When more than one school was respon- 
sible for the obtained differences, the pattern of previous instruction 
appears quite unlikely to influence the effectiveness of a method, since no 
two schools had the same pattern in even the junior and senior years 
alone. It is more probable that such background differences reduced the 
differences in test scores between schools. 

4. The differences among schools within groups were generally large, 
and unquestionably certain teaching methods would be more effective 
or appropriate for some schools than for others. Furthermore, the best 
combination of methods might be one of those not used by any school in 
this sample, since each school used only one of the possible combinations 
of methods. 

In spite of these limitations, the data may be of some value if reasonable 
explanations for the various statistically significant differences can be 
found. 


First, it is possible that the apparent superiority of certain teaching 
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methods merely reflects current practices among the generally superior 
schools, 7.e., those with the best facilities, the most select student body, 
etc. If this is true, the best schools would probably (ef. limitation in #3) 
rank high each year. The rank-order correlations (rho) between the 
standing of the schools for each class do not support this hypothesis 
strongly. The freshman-senior rho was 0.56, which indicated a significant 
but far from perfect relationship. Thus, for example, the schools whose 
freshmen means ranked 1, 2, 3, 4, and 5 had senior means ranking 6, 1, 
18, 7, and 27, respectively. The other correlations ranged from 0.23 
(freshman-sophomore) to 0.66 (junior-senior). Therefore the over-all 
quality of the schools had some influence on test scores, but probably 
do not account for the differences between schools using different methods. 

Second, if one can show that the apparent results are consistent, 
logical, and in agreement with other data on methods of teaching and 
learning, it can be assumed that the particular procedures were influential. 
With the help of previous studies this appears to be possible. 

In the Bierman et al. (6) study of junior scores, attendance at tumor 
boards, work with patients in clinics, and formal lectures in the sophomore 
year were the variables considered. No clear general pattern could be 
found, but the importance of patterns was strongly indicated. Also it 
was found that, in each of the three upper classes, fewer of the highest 
scoring schools than of the lowest scoring schools had formal lectures and 
more required an above average number of hours of clinical work. 

Towner (8) found that medical students’ knowledge of cancer progressed 
gradually from specific, academic, factual knowledge to organized clinical 
knowledge. Thus, differences in test scores were largely due to the former 
during the first two years, whereas differences among seniors were more 
likely to be differences in the degree of generality and organization of this 
knowledge. 

The present data are consistent with these studies. Neither seminars, 
which emerged by the senior year as most characteristic of high-scoring 
schools, nor working with patients, which appeared to contribute in both 
the junior and senior years, can be expected to make as much of a contri- 
bution to a student’s store of specific information as lectures. Most 
studies comparing discussions with lectures at the college level confirm 
this statement (9). Thus it seems probable that the function of special 
courses in Methods 2 and 5 is to organize and integrate information 
already acquired. 

Laboratory research has shown that extensive guidance in the early 
stages of learning is constructive, but that, as the student progresses, it 
may come to interfere with learning (10). Thus one might expect that 
demonstrations classified under Method 4 would be helpful primarily as 
an initial step in most kinds of clinical training. On the other hand, the 
opportunity to try one’s own ideas, to make, discover, and correct one’s 
own mistakes should be more helpful in the later stages of learning. The 
results for Methods 4 and 5 are consistent with these generalizations from 
laboratory studies of learning. 
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The superiority of laboratory work with tumors (Method 3) can be 
accounted for in two different ways, both of which may be true: (a) One 
may say that the material learned in the pathology laboratory is highly 
detailed and specific. Such material would then need frequent review if 
it is to be recalled sufficiently well to be useful (10). (6) One may say 
that this material provides the theoretical foundation for organizing and 
understanding the entire field. To the extent this latter suggestion is 
accurate it would appear that a good deal more work of this nature is 
needed in most schools. Method 3 did not interact with the other 
methods (the significant interactions with Methods 4 and 5 at the junior 
level are artifacts of the statistical procedure) which suggests that the 
first explanation is the more likely one. Otherwise one would expect such 
studies to enhance markedly the value of the other approaches, i.e., to 
interact with them. 

Also consistent with this proposed pattern of cancer learning are the 
results with respect to lectures for the juniors and seniors. As one would 
expect, special lectures appeared to be of some help in the junior year, 
but of little or no value to the seniors. However the results for Method 
1 (lectures) at the sophomore level do not fit this pattern. The sopho- 
mores did not, as the hypothesis would lead one to expect, appear to 
profit extensively from attending lectures on cancer. Thus, although 
the data fit the pattern for the other 4 methods at all 3 levels and for 
lectures at 2 of the 3 levels, it would not be unreasonable to reject the 
hypothesis that the differences in test scores were the result of the differ- 
ences in teaching methods among the schools. However, in view of the 
lack of precision and control in this study, which makes one inconsist- 
ency more likely than not, it is also not unreasonable to attribute these 
results to the interference of extraneous factors. For example, the lec- 
tures may have required a background the students did not have; they 
may have dealt with matters the students did not believe were relevant 
to their main task (11); or it may be that the students were surfeited 
with lectures. 

Also relevant is a recent report (12) in which 8 schools with regular 
courses only were compared with 17 schools with both regular (‘“hori- 
zontal’) and special (‘‘vertical”) courses. The comparison of sophomore 
to senior gains in test score favored the schools with regular courses 
only. However, 7 of these 17 schools with both approaches did not 
offer any special courses in the senior year and 3 more offered lectures 
only; such arrangements also produced lower scores among the schools 
in the present study. Two of the 17 schools gave seminars to their 
seniors, presumably a profitable approach. The courses given in the 5 
remaining schools were described as conferences and as cancer or oncol- 
ogy courses. Whether these involved listening, discussing, observing, or 
working with patients is not clear. Laboratory work was apparently 

' The data reported in this paper showing that differences between schools with both arrangements were more 
closely related to hours of special instruction than to hours of regular instruction do not necessarily contradict 


this conclusion. It may be noted that the mean number of hours of special instruction for the 17 schools was 
31, in contrast to the median of 62 hours for the 28 schools considered in the present report. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


it 
] 
7 
te 
} 


TEACHING METHODS AND CANCER KNOWLEDGE 615 


not included. Thus only a minority of the instruction was of the variety 
which the foregoing interpretation describes as favorable. It must there- 
fore be emphasized that special courses will lead to higher test scores 
only if they are taught in a manner appropriate to their major purpose: 
the organization and integration of information and principles by senior 
students. It is also possible to infer that, while special junior courses 
may influence junior scores, they have little effect on senior scores. 

A second possible interpretation of the data is that the teaching meth- 
ods used by a school strongly influenced the performances of its students 
on the Cancer Knowledge Examination. In the early stages of learning, 
the superior methods were those adapted to maximum guidance of the 
student’s learning and to the rapid acquisition of information, 7.e., obser- 
vations and, theoretically, lectures. Gradually there is a change as the 
student’s major task becomes one of organizing and integrating his 
information and acquiring the ability to draw inferences from it. A con- 
sequence of this change is the increased usefulness of methods permitting 
the student greater freedom to participate, to make and correct errors, 
and to interpret facts, z.e., by seminars and working with patients. 
The consistent superiority of laboratory work with tumors can be fitted 
to this pattern in two different ways, as already noted. 

Finally, the differences between schools with various patterns of instruc- 
tion may be due not to the inferiority or superiority of the methods in 
and of themselves but to the attitudes of the faculty, which the adop- 
tion of these approaches implies. Particularly at the senior level, it was 
the schools with methods which entail work with small groups and indi- 
viduals that had the highest scores. A faculty sufficiently interested in 
teaching and in their students to put in the time and effort required 
might well be expected to produce superior students. This explanation 
probably supplements the second. 

In evaluating these explanations it should be emphasized that the 
results for seniors should be given the greatest weight and attention, 
primarily because the students’ knowledge and skill at graduation is the 
school’s greatest concern. In addition, because the distribution of schools 
among the four methods considered (ignoring Method 3) was more even 
at the senior level, it did not happen that any one school determined the 
results as did occur within several of the sophomore comparisons and a 
few of the junior comparisons. Furthermore, the results for the seniors 
are more readily interpretable, since the hidden effects of methods not 
under consideration had less influence on the statistics at this level. 
Thus, the results for the seniors are of greater educational significance 
than the ones found for the other classes. 

Therefore, the available data suggest that the proposals made by the 
Committee on Cancer in the Medical School Curriculum for special 
integrated cancer courses for seniors were profitable when adopted, par- 
ticularly if the teaching methods required the active participation of the 
students. It seems likely that many schools without such courses would 
find it advantageous to adopt similar procedures. To a lesser extent, 
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the same statements may be made for the juniors, with the proviso that 
greater efforts be made to correlate and coordinate these special courses 
with each other. More adequate data are necessary before any recom- 
mendations can reasonably be made for sophomore classes. Too little 


is known about cancer learning in the freshman year to make any broad 
generalizations. 
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An Appraisal of Left and Right Breast Cancer ' 


LAWRENCE GARFINKEL, LEONARD CRAIG, and 
HERBERT SEIDMAN,’ Statistical Research Section, 
Medical Affairs Department, American Cancer Society, 
Inc., New York, New York 


SUMMARY 


The literature on the occurrence of left 
and of right breast cancer in the United 
States and in foreign countries is re- 
viewed. In addition, several new series 
of cases from cancer registries and hos- 
pitals are reported. An analysis of the 
data shows that breast cancer in women 
occurs more often in the left breast 
than in the right breast. This differ- 
ence is greater in foreign countries than 
in the United States. It is also shown 
that there is a smaller left/right ratio 
for breast cancer in women over the 


age of 70; that there are regional 
differences in the United States, by 
color; and that single women appear to 
have lower left/right ratios for breast 
cancer than women who are ever mar- 
ried. In American males, the occur- 
rence of left breast cancer over that of 
right breast cancer shows a greater 
difference than in females. Trauma, 
poor milk secretion, and other factors 
are discussed in relation to the observed 
differences by side of breast.—J. Nat. 
Cancer Inst. 23: 617-631, 1959. 


IT HAS been generally accepted that left breast cancer occurs more 


frequently than right breast cancer. Busk and Clemmesen (1) studied 
the incidence of left and of right breast cancer in the records of the Danish 
Cancer Registry for a 5-year period, compared their results with two other 
series of cases, and concluded that cancer of the left breast was about 
11 percent more common than that of the right breast. Smithers (2) 
compared a series of breast-cancer cases in the Royal Cancer Hospital 
in England, for a 12-year period, with three other series and came to 
the same conclusion. In this country, Dorn and Cutler ($) examined 
the results of cases obtained in their 10-city morbidity study, 1947-48, 
and found that left breast cancer occurred 8 percent more frequently 
than right breast cancer. 


1 Received for publication March 6, 1959. 

1 The authors wish to thank Dr. Arthur Purdy Stout for permission to abstract records at the Francis Delafield 
Hospital, and Dr. G. J. Tarleton for access to the Meharry Medical College records. Dr. Vincent Handy, Dr. 
Beulah Hathaway, Dr. George Adie, and Mrs. Marion Wogan permitted us to use the records of the New York 
State Cancer Registry, the Alabama Pathologists’ Association Cancer Registry, the Westchester County Cancer 
Registry, and the Charity Hospital Cancer Registry, respectively. We also wish to thank Miss Eleanor Mac- 
Donald of the M. D. Anderson Hospital, in Houston, and Mr. Sidney Cutler of the National Cancer Institute, 
for specially prepared tabulations. 
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This study was undertaken because we felt that this difference in 
“sidedness” in breast cancer had not been sufficiently explored. If the 
difference in the incidence pattern of left over that of right breast cancer 
is a real one, a more intensive examination of the phenomenon could 
conceivably uncover information of etiologic significance, or possibly give 
leads to further research. A difference of 11 percent in the occurrence 
of cancer in the two breasts, apparently similar in physiology and anat- 
omy, if true, would imply that some contributing factor or factors exist. 
This percentage difference, although small, is not inconsiderable in terms 
of total number of cases. Further investigation of differences in sub- 
groups, such as age, sex, color, marital status, etc., can potentially un- 
cover larger differences, which can then be further investigated. There 
is a voluminous literature on the relationship of breast cancer to these 
attributes, although very little exists relating them to side of breast. 

We first decided to examine the material published on the subject to 
see whether the left/right difference held in several series of cases. In 
addition, we included unpublished breast-cancer cases from the records 
of a number of cancer registries, and were able to obtain original records 
from the Francis Delafield Hospital in New York City and the Meharry 
Medical College in Nashville. 

The data are presented in tables 1 and 2. The occurrence of left versus 
right breast cancer in foreign countries showed a pattern of consistency. 
The left/right ratios for 9 series of cases ranged from 1.09 in Sweden to 
1.18 in Japan. For the total of 18,173 cases in 7 countries, the over-all 
ratio was 1.13. 

The American experience, presented separately in table 2, shows an 
over-all left/right ratio of 1.04 for 15,931 cases. In 18 series of cases, 8 
series showed more right breast-cancer cases than left. The left/right 
breast-cancer ratios varied from 0.74 to 1.36. 

This range of ratios is much greater than that shown for the foreign 
countries, but, of course, the total number of cases in many of the series 
is small and therefore subject to greater random fluctuations. If one 
were to consider only the 7 series of cases in the American data that have as 
many cases as the smallest in the foreign country data, the range of 
left/right ratios is from 0.89 to 1.08 and the over-all ratio is 1.03. 

Left breast cancer in the total American experience, in table 2, is 
significantly greater than an equal distribution by side of breast (P 
= 0.02). The American ratio of 1.04 is significantly different from the 
total foreign left/right ratio of 1.13 (P = 0.001). 

On the surface, there seems to be no reason why the American data 
should differ from that of other countries. Certainly the series we have 
collected in the United States differ with respect to region in which 
obtained, by proportion of white and colored, and probably have much 
different distributions with respect to age, marital status, and other 
factors. There is no reason, however, to suspect that they are more 
heterogeneous in these respects than groups of cases collected in England, 
Italy, Colombia, and Japan. Yet not only is there an over-all difference 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


4 
4 
} 
j 
hat 


Z 
o 
& 
n 
a 
a 
& 
q 
a 
< 
° 
mn 
< 


‘urdur 

UI [OOYDY [voIpayy Ul UdesS [TV 
‘SVM pus puvpsugy 

2 SOPNPOULTBIOLT, 
Ojsng Ip Wouny, 

9 Ip oy} 4B 
ZG-OFGI 

9F-ZEGT 

0} sasvo [eydsoy [TV 
6E-SE61 

jo Ayunoo ut speydsoy ITV 


uvder 

purpsuyy 

purpsuq 


BIQWO[OD 


uapamg 


(O1) ag 

(6) 
(@) 7a 


(8) 


(Z) 

(9) VULRIOp[BA 
(1) 

(¢) 


(7) 


+98 


tI 


Il 
60 


T 
T 


T 
T 
T 


ELI 


a 
692 
T 
LE 


L6 
9 
ST 


Z9LT 


98F 
621% 


IVLOJ, 


sasvo Jo 


Aryunog 


JON 


[e190 
-78] 
“lad 


VOL. 23, NO. 4, OCTOBER 1959 


511629—59__2 


619 
in 
he 
er 
ld 
ve 
ce 
t- 
st. 
ns 
b- 
n- 
re 
Se 
to 
in 
ds 
1s 
Ls 
y. 
LO 
in 
8 
it 
| 
| *s | 
| 
of 
| | o | 
N N 
is 
j 23 338332 
N t~ N ~ 
ie 
a a Oo = a = = 
h 
T 
= N csr eos 
’ 
| 


fa) 
a 
n 
a 
< 


JO 4B UVES 

“soy 

perojoo TV ‘eessouuay, 

L Aq Ayunog ul 

“Ul MeN ‘TeydsoH 

*pepnypour 

-iedout 10 stsouseip 

wodj [eyidsoyy AJUNOD [BANG UI Uses 

L sopnpouy wos 
-I9AIU() JO SOTUTTD 94} UT UVES 

GT faseulyD 

*190UB9 

SIOAP Ul sasvo 

YWON ul uo pazeiedo 


be 


MON 


‘410% MON 


syosnqousse 


YWON 


(£7) 72 uryuryg 


(91) aosiepuy 
(97) Apouuey 
(71) aosqod stig 


($1) Ysoy uvjdey 


(IT) 72 uoywoy 


+6 0 


¥6 0 


£6 ‘0 


68 ‘0 


624 


TZ 


LL 


Tg 


881 


£€8 


9¢ 


Lg FSI 


sosvo Jo 


/93°T 


[ela 


 sasvo 
WPT 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


620 
| 
j | | | 
(3 
Nn ~ for) 
| &§ 32 § 
tha: 

“ 
= 


is) 
< 
& 
n 
= 
& 
A 
< 
° 
a 
a 
< 


“apts Yous 0} poppe XISt 
“OPIS YORI 0} POPPB 


JOU 
faorjovid ul Uses 
‘snquinjod 
38 Uses sasBd 
“6161 [dy 0} so1d X 
MON 0} (Sesvo o[qeviedo) 
YOU 
*‘popnyour 
QT ul Apnyg 
169 pus SepNyo 
“Ossy 943 UT 
6LF 
sepnpouy ‘AWO MON UI 
slouvsy ut uses 
4ysvoiq JO sasvo poAoid 


“PIN 
snquinjog 
MON 
Ord 


‘891919 OT 


MON 


(88) ‘70 Aouury 

sug 

(06) 

(61) 72 


(87) Ajnog 


(8) 


£699 


186 ‘eT 


IVLOL 


621 
69 


SLI 


48 


+6 


T96T 


48 

£02 
02 


VOL. 23, NO. 4, OCTOBER 1959 


621 
6 
: 
_ 
N 
| 
oOo 


622 GARFINKEL, CRAIG, AND SEIDMAN 


in left/right occurrence of breast cancer, but the range of ratios from 
smallest to highest in foreign countries seems to be narrower than those 
in the various American series, even when only the larger series in the 
latter group are considered. 

It is unfortunate that in many of the series shown in table 2, especially 
the Morbidity Study of 1947-48 and the cancer registry data, in a rela- 
tively high proportion of cases the side of breast affected was not given. 
We made some calculations by applying the ratio of the “known” left 
and right breast cancers to the “unknown” group of 2,724 cases. Based 
on these calculations, it seems doubtful that proper assignment of the 
‘not stated” cases could seriously affect the over-all American ratio. 

With respect to the occurrence of “bilateral” cancer of the breast, the 
figures given in tables 1 and 2 should not be taken too literally. Some 
authors choose to delegate sidedness to the first breast that is treated; 
others have assigned sidedness to both breasts. Still others have taken 
into consideration the elapsed time from the diagnosis of cancer in one 
breast to the occurrence of cancer in the other. Smithers, for example, 
found a total of 113 cases (6.4%) in which both breasts were involved. 
Of these, he deemed 60 as being recurrent in the second breast, and 53 
as new primaries and therefore truly bilateral. Harrington (23) found 
an incidence of 3.4 percent in nonsimultaneous bilateral cancer and 1 
percent for simultaneous. 


COLOR AND REGION 


Table 3 shows the ratios in the American data of left to right breast 
cancer, by color. We have included in this tabulation only the series in 
which side of breast was given in relation to color. For this investigation 
we made a special effort to obtain information on side of breast in cancer 
cases of colored women because a preliminary analysis indicated that 
differences in sidedness existed between white and colored cases. Data 
on colored cases from the New York State Cancer Registry and the 
M. D. Anderson Hospital in Houston have been added to make a total 
of 2,441 cases of breast cancer in colored women for whom side of breast 
was stated. In addition, Sidney Cutler, of the National Cancer Institute, 
furnished us with additional data, by side of breast, for colored women 
in the Morbidity Study, with respect to their age and the region of country. 

The table shows that the over-all ratio for white women was 1.05 and 
for colored women, 1.03. This is not a significant difference (P = 0.67). 
When analyzed by region of the United States (North and South), the 
white women in the South had a ratio of 1.09 as compared with a ratio of 
0.96 for Northern white women. This is a statistically significant differ- 
ence (P = 0.04). Among the colored women, the ratios reversed. North- 
ern colored women had a ratio of 1.24 as compared to a ratio of 0.97 for 
colored women in the South. This is a significant difference (P = 0.01). 
Why these differences should exist, and why there should be a greater 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


=. 
< 
J 
: 
4 


APPRAISAL OF LEFT AND RIGHT BREAST CANCER 623 


TABLE 3.—Ratios of occurrence of left and of right breast cancer among American 
females, by color and region 


Total 
cases 
with Left/ 
side Left Right right 
stated breast breast ratio Source 


A) White women: 


Tumor Clinic, University of Minnesota 
Hospitals 

Cancer Registry, Westchester Co., N.Y 

Francis Delafield Hospital, New York, N.Y. 

Cancer Registry, Charity Hospital, New 
Orleans, La. 

Morbidity Study in 10 metropolitan areas 

Cancer Registry, Alabama Pathologists’ 
Association 


B) Colored women: 


Cancer Registry, Charity Hospital, New 
Orleans, La. 

Cancer Registry, Alabama Pathologists’ 
Association 

Cases from M. D. Anderson Hospital, 
Houston, Tex., 1944-58 

Cancer Registry, Westchester Co., N.Y. 

Morbidity Study in 10 metropolitan aie 

Cancer Registry, New York State, 1940-54 

Francis Delafield Hospital, New York, N.Y. 


C) Color and region:* 


0. 96 White women—North 
1. 09 White women—South 
1. 24 Colored women—North 
0. 97 Colored women—South 


*White women in Dorn’s Morbidity Study are not included in this table. Data on colored women by region 
are included. 


ratio for Southern white women and for Northern colored women is 
puzzling. It could be a function of the selection of the series used in this 
analysis. To verify that these differences are real, it would be desirable 
to further investigate these findings with more cases. 


AGE 


Clemmesen (24) and Dorn and Cutler have noted a break in the rising 
incidence curve for breast cancer around the age of 45 to 54, although 
MacMahon (25) has proposed that this break may be explained by 
different changes in the incidence rates for cohorts of women born in 
different years. For our data, we grouped our cases by broad age groups 
to determine whether any of the observed differences in sidedness could be 
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explained by the age distribution of the various cases. Table 4 shows the 
ratios for side of breast by age, broken down by color for all the groups of 
cases for which we had age data. Even using the broad age groups we 
set, there is a good deal of fluctuation in the ratios. No consistent pattern 
for the menopausal age group, 45 to 54 years, could be seen, although it 
may be remarked that Busk and Clemmesen did find more right than 
left breast cancer in single women in age group 45 to 54. 

The one feature that does emerge is the lower left/right ratio for age 
group 70 and over. This is presented in summary form in table 5. In 


TasLe 4.—Ratios of occurrence of left and of right breast cancer among females, by 
age and color 


Left/ Left/ Left/ 
Left Right right Left Right right Left Right right 
breast breast ratio breast breast ratio breast breast ratio 


Westchester— Westchester— Francis Delafield— 
white colored h 


Age not stated 


Tora, 


4 
5 
15 
2 
26 


1. 08 


Cancer Reg., N.Y.— Morbidity Study 
colored North— colored 


Age not stated 


ToTaL 


Morbidity Stud 
South—colore 
Under 30 — 
30-44 


45-54 
55-69 
70+ 
Age not stated 


962 111 
Charity Hosp., Charity Hosp., 
New Orleans— New Orleans— Meharry Med. 
Coll.—colored 
1. 50 
1. 00 


70+ 
Age not stated 


Tora. 
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Age 
- Under 30 5 4 1.25 — — — 2 3 0.67 
30-44 90 82 1.10 8 0.50 52 
“i 45-54 118 118 1.00 3 1.67 68 67 1.01 
a 55-69 157 159 0.99 7 #215 87 99 0.91 
- 70+ 85 112 0. 76 6 0.33 26 27 0.96 
455 476 0.96 24 235 236 1.00 
Francis Delafield— 
colored 
Under 30 1 7.00 3 3 1.00 2 3 0. 67 
oe 30-44 21 2 41.05 45 32 1,41 31 36 0.86 
45-54 20 #18 39 31 1.26 28 17° 1.65 
‘3 55-69 22 10 2.20 41 24 4L7i 31 27 115 
10 7 1.438 13 16 «0.81 8 12 +0. 67 
80 56 1.43 141 106 1.33 100 95 1.05 
Alabama—white Alabama—colored 
23 82 9 6 1.50 
-_ 4 274 250 1.10 80 76 1.05 
19 12 1.58 277 244 #4114 71 40.87 
15 16 0.94 347 295 1.18 69 76 0.91 
4 8 0.50 128 122 1.05 34 
- —- —- 8 ; 3 — 
eee 45-54 40 40 1.00 76 84 0.90 26 33 0.79 
55-69 71 64 100 08 27 96 
39 29 +54 0.54 18 7 2,57 
ig P| 183 182 1.01 293 326 0.90 95 92 1.03 
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TaBLE 5.—Summary of ratios of occurrence of left and of right breast cancer by age 
under 70 years, and over 70, in Denmark, and among American females, by color 
and region 


Left Left Right  Left/right 
Age breast breast ratio breast breast ratio 


White females—North White females—South 
Under 70 579 572 1.01 1065 960 2. it 
70+ 111 139 0. 80 167 161 1. 04 


ToTaL 690 711 0. 97 1232 1121 1, 10 


Under 70 1. 31 619 632 0. 98 
70+ 333 0. 80 85 100 0. 85 


ToTaL 347 281 1. 23 704 732 0. 96 
Busk & Clemmesen— Denmark 

Under 70 1781 1566 

70+ 336 342 


ToTaL 2117 1908 


each of the grouped cases by color and region, and for Busk and Clem- 
mesen’s data, there is a lower left/right ratio in those 70 years and over 
compared with those up to the age of 70 years. In fact, there appears to 
be a reversal in the left/right ratio. These differences are more pro- 
nounced for the cases obtained in the North (both white and colored) and 
in Busk and Clemmesen’s series than in the South. Except for the 
Northern colored cases, which are barely significant at 0.05 level, none 
of these groups show a significant difference. The fact that the lower 
ratio does exist for 70 years and over in all these groups would seem to 
indicate that factors associated with old age could be of importance and 
should be further investigated with more cases. 


MARITAL STATUS 


There is a substantial body of data accumulated to show that single 
women have death rates higher than married women, and that married 
women without children have death rates higher than those who have had 
children. Busk and Clemmesen have presented data by side of breast and 
by age for single women and for married, widowed, and divorced combined. 
As mentioned previously, their data show a greater occurrence of breast 
cancer in the right breast than in the left for single women 45 to 54 years 
of age. This reversal does not hold in the ever-married women group. 
Moreover, the reversed left/right ratio for those 70 years and over holds 
for the latter group, but not for the single women. Regardless of age, the 
over-all left/right ratios for their data show a 1.05 ratio for single women 
and a 1.12 ratio for the married, widowed, and divorced group as a whole. 

Our data from three series suggest that widowed, divorced, and sepa- 
rated women have higher left/right ratios than either the single or the 
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married. Grouping marital status according to Busk and Clemmesen, 
the single women had a ratio of 1.11, while the ever-married women had a 
ratio of 1.15. 

The number of cases by marital status in our data are too few to analyze 
by age. It would appear, however, that there may be differences in sided- 
ness by marital status. This is worthy of further investigation with more 
cases, 


STAGE 


We made an attempt to determine sidedness by stage of disease, but 
this investigation had several difficulties. Our cases were classified 
by a broad clinical staging of localized, regional involvement and remote 
metastasis. No striking differences were noted in this analysis; besides, 
there was a high percentage with stage not stated. Moreover, in the dis- 
cussion of staging of breast cancer, in the literature, many different 
methods have been presented (Portmann’s, Steinthal’s, and Haagensen- 
Stout’s) all of which would probably be more suitable for insight in analysis 
of sidedness in breast cancer. Shimkin (17) used the classification method 
proposed by Portmann and found the following left/right ratios: 


Left Right Left/right 
breast breast ratio 


Stage I 163 171 .0. 95 
Stage IT 148 151 0. 98 
Stage III 178 135 1. 32 
Stage IV 55 52 1. 06 


Total 544 509 1. 07 


In this one series, it may be seen that the excess of left breast-cancer 
cases is concentrated in the later stages, particularly Stage III. 


MALE BREAST CANCER 


Table 6 shows the occurrence, by side of breast, for males. Even with 
the small number of cases, the over-all ratio of 1.33 is significantly higher 
than an equal distribution by side (P = 0.01). The left-to-right excess 
in the American males is significantly different from that of the American 
females (P = 0.02). The limited English experience for males shows 
virtually the same left/right ratio as for females. 


DISCUSSION 


In 1926 Lane-Claypon (27), in a study of antecedent factors in breast 
cancer, found a higher incidence of history of injury in breast-cancer 
cases than in a control series. In the breast-cancer cases, 59.6 percent of 
all instances of injury were in the left breast. Unfortunately, the data 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


; 
oe 
— 
4 


< 
< 
= 
= 
< 
° 
= 
< 


‘Svore 

OT ul Apnyg Aypiquoyy 
SP-LEGT ‘UOpuoT 

[eAOY UI Uses 
‘Aqyunog Url 

SIsopoyyeg UI 

“A'N ‘yIOX MON 

Ul Uses pesoUsvIp 
PE-TEGT ‘STB PUB 

ur ‘ysvoiq oy} JO 
‘UopuO'T jo 

Ayunog ut speydsoy [Ty 


OT 
puvsuy 

“AUN 
“OC 


MON 


UBIIIOULY 
—IVLOLANG 
Ys] 
—TIVLOLENg 

IVLOL 


(¢) 
uslog 
(2) 


ja 


(9é) 
(6) [e190 
OL 


(¢) 16°0 ai 


sasvo Jo 


VOL. 23, NO. 4, OCTOBER 1959 


627 
1, 
a 
Av 
re 
it 
d 
3, 
it 
is 
d 
| 
2 2 
| OD N 
| 
@ 
oOo milion & 
s AN 
n 
= Om N 
t 
r 
f 


* 


628 GARFINKEL, CRAIG, AND SEIDMAN 


do not include the side of breast for those cancer cases in which there 
was no history of bruising. In reviewing Lane-Claypon’s work, Smithers 
made calculations on the hypothesis that for cancer cases without injury, 
in her series, there were an equal number of left and of right breast ca- 
cers. On this basis Smithers found that for the total series, breast cancer 
occurred 11 percent more often in the left than in the right breast. This 
paralleled the findings on the occurrence of left and right breast cancer in 
his own cases. 

Smithers was hesitant to place any weight on this analysis. Can the 
excess of left over right breast cancer be attributable to trauma? There 
have been breast-cancer cases reported in women that were directly 
attributable to trauma. In male breast-cancer cases, trauma appears to 
be associated with the development of cancer more often than in women. 
Treves and Holleb (26) found that 12 percent of their male breast-. 
cancer cases gave a history of trauma. Because of a wide variety of 
types and frequency of trauma, and range from onset of trauma to breast- 
cancer symptoms, they felt that no relationship existed. Charache (28) 
reviewed the literature and found a history of trauma existed in 25 per- 
cent of male breast cancers. 

If trauma is an etiological factor in the development of breast cancer 
and through some mechanism occurs more frequently in the left breast 
than in the right breast, then it is plausible that in the general population 
there should more often be injury to the left than to.the right breast. 
In September of 1958, a questionnaire was mailed to a random sample of 
5,000 persons throughout the country, as a pretest of a questionnaire, 
designed to be used by the American Cancer Society in a large-scale 
prospective study of factors relating to cancer. We included in this 
questionnaire one on injury to the breast. Of 1,005 women who replied 
(about 40% of all women), 26 said that they had had an injury to the 
breast sometime in their lives. Of these, 13 injuries were to theleft 
breast, 9 to the right breast, 2 to both breasts, and 2 women did not 
state which breast. In Lane-Claypon’s study, 28 or 5.5 percent of the 
509 women in her non-cancer group reported having a breast injury,witl 
12 reporting the trauma to the left breast, 8 to the right, 1 in both, and 
7 did not specify the side. These results are, of course, inconclusive, but 
they are interesting in that they are consistent with the theory that the 
left breast is more injury-prone. 

Segi et al. (10) reported, for breast-cancer cases and controls, the fre- 
quency of disturbance of milk secretion, by side of breast, among women 
who had had children, using the lactation period after each childbirth as 
an enumeration unit. He found that: 

1. In the controls there was a greater frequency of poor milk secretion 
in the left breast than in the right breast. 

2. Poor milk secretion in the left breast was much more frequent in 
left breast-cancer cases than in controls; similarly, poor milk secre- 
tion in the right breast was more frequent in right breast-cancer 
cases than in controls. At the same time, poor milk secretion in the 
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breast not affected by cancer was only slightly greater for breast- 
cancer cases than for controls. 

Further inspection of Segi’s data reveals that among women with a 
history of poor milk secretion of the left side only, 83 percent of the breast 
cancers were of the left breast; while of those with poor milk secretion 
of the right side only, 60 percent of the breast cancers were of the right 
side. From his analysis Segi concludes, “For finding out the cause of 
why cancer of the breast is more frequent on the left side, it seems we 
should first make it clear why dyslactation of the left breast is more 
frequent than that of the right.” 

While Segi’s findings are of great value for the study of the develop- 
ment of breast cancer, it should be noted that the development of breast 
cancer associated with poor milk secretion can only account for a minor 
proportion of the total left/right difference. Crude calculations based 
upon Segi’s data show that about 8 percent of women with left breast 
cancer had poor lactation in the left breast only; and that about 5 percent 
of the women with right breast cancer had poor lactation in the right 
breast only. In terms of the total left/right ratio in the Japanese data, 
the association of poor milk secretion with the development of cancer can 
only account for perhaps one fifth of the difference. 

To advance the understanding of the left/right difference, a thorough 
study of the physiological and pathological differences in the breasts 
would be most desirable. Deaton and Bradshaw (29) have suggested 
that aberrant breast tissue occurs frequently in the upper outer quadrant 
of the breast and has a tendency to develop into breast cancer, and that 
aberrant breast tissue occurs more frequently in the left than in the right 
breast. This is a further possible theory to explain the predominance of 
left breast cancer. 

Any theory of differences in the breasts has to be examined in the light 
of the existing differences in the American and foreign experience out- 
lined. In addition, the apparent difference in left/right ratios of women 
under 70 years and over 70 has to be considered. The difference in the 
American and foreign ratios cannot be explained by the age factor alone. 
For example, in the series of 1,205 cases obtained from the Charity 
Hospital Cancer Registry in New Orleans, with a ratio of 0.94, 16 percent 
of the women were over the age of 70; in Busk and Clemmesen’s Danish 
series, with a left/right ratio of 1.11, 17 percent, virtually the same pro- 
portion were over the age of 70. 

One other possible area of investigation to explain the left/right dif- 
ference concerns the physical size of the left breast as compared to the 
right. It is conceivable that the greater occurrence of left breast cancer 
is attributable to the fact that in the general population there is more 
breast tissue in the left than the right breast. It would be admittedly 
difficult to determine how the breasts should be measured, but even a 
small-scale study designed to test this hypothesis would be interesting. 

From this study, it is evident that many fruitful areas of investigation 
into cancer may be made by studying the laterality of occurrence of 
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do not include the side of breast for those cancer cases in which there 
was no history of bruising. In reviewing Lane-Claypon’s work, Smithers 
made calculations on the hypothesis that for cancer cases without injury, 
in her series, there were an equal number of left and of right breast ca- 
cers. On this basis Smithers found that for the total series, breast cancer 
occurred 11 percent more often in the left than in the right breast. This 
paralleled the findings on the occurrence of left and right breast cancer in 
his own cases. 

Smithers was hesitant to place any weight on this analysis. Can the 
excess of left over right breast cancer be attributable to trauma? There 
have been breast-cancer cases reported in women that were directly 
attributable to trauma. In male breast-cancer cases, trauma appears to 
be associated with the development of cancer more often than in women. 
Treves and Holleb (26) found that 12 percent of their male breast-. 
cancer cases gave a history of trauma. Because of a wide variety of 
types and frequency of trauma, and range from onset of trauma to breast- 
cancer symptoms, they felt that no relationship existed. Charache (28) 
reviewed the literature and found a history of trauma existed in 25 per- 
cent of male breast cancers. 

If trauma is an etiological factor in the development of breast cancer 
and through some mechanism occurs more frequently in the !eft breast 
than in the right breast, then it is plausible that in the general population 
there should more often be injury to the left than to the right breast. 
In September of 1958, a questionnaire was mailed to a random sample of 
5,000 persons throughout the country, as a pretest of a questionnaire, 
designed to be used by the American Cancer Society in a large-scale 
prospective study of factors relating to cancer. We included in this 
questionnaire one on injury to the breast. Of 1,005 women who replied 
(about 40% of all women), 26 said that they had had an injury to the 
breast sometime in their lives. Of these, 13° injuries were to theleft 
breast, 9 to the right breast, 2 to both breasts, and 2 women did not 
state which breast. In Lane-Claypon’s study, 28 or 5.5 percent of the 
509 women in her non-cancer group reported having a breast injury,with 
12 reporting the trauma to the left breast, 8 to the right, 1 in both, and 
7 did not specify the side. These results are, of course, inconclusive, but 
they are interesting in that they are consistent with the theory that the 
left breast is more injury-prone. 

Segi et al. (10) reported, for breast-cancer cases and controls, the fre- 
quency of disturbance of milk secretion, by side of breast, among women 
who had had children, using the lactation period after each childbirth as 
an enumeration unit. He found that: 

1. In the controls there was a greater frequency of poor milk secretion 

in the left breast than in the right breast. 

2. Poor milk secretion in the left breast was much more frequent in 
left breast-cancer cases than in controls; similarly, poor milk secre- 
tion in the right breast was more frequent in right breast-cancer 
cases than in controls. At the same time, poor milk secretion in the 
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breast not affected by cancer was only: slightly greater for breast- 
cancer cases than for controls. 

Further inspection of Segi’s data reveals that among women with a 
history of poor milk secretion of the left side only, 83 percent of the breast 
cancers were of the left breast; while of those with poor milk secretion 
of the right side only, 60 percent of the breast cancers were of the right 
side. From his analysis Segi concludes, “For finding out the cause of 
why cancer of the breast is more frequent on the left side, it seems we 
should first make it clear why dyslactation of the left breast is more 
frequent than that of the right.” 

While Segi’s findings are of great value for the study of the develop- 
ment of breast cancer, it should be noted that the development of breast 
cancer associated with poor milk secretion can only account for a minor 
proportion of the total left/right difference. Crude calculations based 
upon Segi’s data show that about 8 percent of women with left breast 
cancer had poor lactation in the left breast only; and that about 5 percent 
of the women with right breast cancer had poor lactation in the right 
breast only. In terms of the total left/right ratio in the Japanese data, 
the association of poor milk secretion with the development of cancer can 
only account for perhaps one fifth of the difference. 

To advance the understanding of the left/right difference, a thorough 
study of the physiological and pathological differences in the breasts 
would be most desirable. Deaton and Bradshaw (29) have suggested 
that aberrant breast tissue occurs frequently in the upper outer quadrant 
of the breast and has a tendency to develop into breast cancer, and that 
aberrant breast tissue occurs more frequently in the left than in the right 
breast. This is a further possible theory to explain the predominance of 
left breast cancer. 

Any theory of differences in the breasts has to be examined in the light 
of the existing differences in the American and foreign experience out- 
lined. In addition, the apparent difference in left/right ratios of women 
under 70 years and over 70 has to be considered. The difference in the 
American and foreign ratios cannot be explained by the age factor alone. 
For example, in the series of 1,205 cases obtained from the Charity 
Hospital Cancer Registry in New Orleans, with a ratio of 0.94, 16 percent 
of the women were over the age of 70; in Busk and Clemmesen’s Danish 
series, with a left/right ratio of 1.11, 17 percent, virtually the same pro- 
portion were over the age of 70. 

One other possible area of investigation to explain the left/right dif- 
ference concerns the physical size of the left breast as compared to the 
right. It is conceivable that the greater occurrence of left breast cancer 
is attributable to the fact that in the general population there is more 
breast tissue in the left than the right breast. It would be admittedly 
difficult to determine how the breasts should be measured, but even a 
small-scale study designed to test this hypothesis would be interesting. 

From this study, it is evident that many fruitful areas of investigation 
into cancer may be made by studying the laterality of occurrence of 
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malignancy. This applies not only to the breast, but to other organs 
such as the kidney, the bladder, and the ovary. The lung and the bronchus 
may perhaps also be studied with respect to laterality, but here the fact 
that the right lung has one more lobe than the left might make a com- 
parison by side difficult. In reviewing the literature for this paper, we 
found that an abortive attempt was made by the Registrar-General of 
England and Wales in 1931-34 to study sidedness in these organs in 
addition to side of breast, but there were so many cases where side was 
not specified for the lung, the kidney, the bladder, and the ovary that 
not much could be said of the occurrence of left/right cancer for these 
organs. Perhaps an approach to the study of sidedness of cancer is to 
supplement the International List of Diseases and Causes of Death to 
include a fourth digit for side of organ involved. This may alert physi- 
cians to record more specifically the side affected in these organs, in 
morbidity and mortality data. 
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Investigation of Tumor Variants Recovered 
From Mice With Systemic Leukemia (L1210) 
After Extensive Therapy With 3’,5’-Dichloro- 
amethopterin and 3’-Bromo-5’-Chloroame- 


thopterin 


STEWART R. HUMPHREYS and ABRAHAM GOLDIN,? 
Laboratory of Chemical Pharmacology, National Cancer 
Institute,‘ Bethesda, Maryland 


SUMMARY 


Studies were conducted on the growth 
behavior and sensitivity to therapy of 
tumors recovered from mice with sys- 
temic leukemia (L1210) after a pro- 
longed increase in their lifespan, 
by treatment with 3’,5’-dichloro- 
amethopterin and 3’-bromo-5’-chloro- 


survival times, the local tumor at the 
subcutaneous site of injection be- 
coming quite large (20-35 mm.) prior 
todeath. Some of the tumors retained 
the original sensitivity to treatment 
with amethopterin, while others 
showed a high degree of resistance. 


amethopterin. The tumors were re- 
covered from various sites including the 
spleen and the blood. They were 
histologically similar to the original 
L1210, but showed a wide range of 
growth rates and sensitivities to treat- 
ment. Some of the recovered tumors 
grew and killed rapidly like the original 
sensitive leukemia L1210. Others grew 
slowly, and the mice showed prolonged 


Resistant variants resulting from treat- 
ment with 3’,5’-dichloroamethopterin, 
or with amethopterin, showed greater 
sensitivity to 3’,5’-dichloroamethop- 
terin than to amethopterin. 6-Mer- 
captopurine retained its effectiveness 
against the resistant variants. These 
observations are discussed with respect 
to therapy.—J. Nat. Cancer Inst. 23: 
633-653, 1959. 


SINCE THE demonstration by Farber (1) of the clinical usefulness of 
aminopterin in the treatment of children with acute leukemia, there has 
been continued interest in investigation of folic acid antagonists. Two 
of the dihalogenated derivatives of amethopterin, 3’,5’-dichloroamethop- 
terin and 3’-bromo-5’-chloroamethopterin, were recently demonstrated to 
be capable of producing extensive increases in the survival time of mice 
with systemic leukemia, L1210 sensitive, (2-5). When daily treatment 
with either drug was initiated only a few days prior to the death of un- 
treated leukemic mice, survival times for the full period of treatment (up 
to 90 days post leukemic inoculation) and beyond were obtained. Some 
of the mice showed no evidence of disease after 6 months and presumably 
were cured (4). 


1 Received for publication March 6, 1959. 


2 Presented in part at the Fiftieth Annual Meeting of the American Association for Cancer Research, April 10-12, 
1959. 


3 With the technical assistance of Gerald O. Chapman and Gerome McDowell. 
4 National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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In the assay system employed for systemic leukemia, treatment was 
initiated when a local tumor, 8 to 12 mm. in diameter, was present at the 
site of leukemic inoculation (6). With optimal doses of the dihalogenated 
derivatives of amethopterin, the local tumor usually regressed after several 
treatments, and did not reappear either during the course of treatment or 
subsequent to the eventual discontinuance of therapy. 

However, regression of the local tumor does not signify that the disease 
has been wholly eradicated (5). During extensive therapy, or subsequent 
to the discontinuance of therapy, mice showed tumor growth in areas 
other than that of initial implantation. Palpable tumors appeared at 
various sites. Some of the mice developed tumors in the maxillary area. 
In a few instances tumor growth was observed in one of the eye sockets. 
Solid internal tumors were also seen, in association with the liver, kidney, 
and other organs. Also, during or after the discontinuance of long-term 
therapy, some of the animals that no longer showed evidence of a palpable 
tumor and were in an apparently healthy condition for an extended period 
of time, subsequently became moribund, lost weight, and died. On 
autopsy the spleen was not necessarily enlarged, and frequently there 
was no other gross evidence of tumor. When such moribund animals 
were killed, transplantation of a spleen mash invariably resulted in tumor 
growth. Transplantation of blood at this time also resulted in tumor 
growth in most of the mice. 

The current report describes the growth behavior and responsiveness to 
therapy of tumors recovered from mice with systemic leukemia (L1210), 
during or subsequent to extensive therapy with 3’,5’-dichloroamethopterin 
or 3’-bromo-5’-chloroamethopterin. Comparison is made with the parent 
sensitive L1210 and with an amethopterin-resistant line of L1210 carried 
in this laboratory. 


METHODS 


The general procedures have been described previously (2, 6-8). The 
experiments were conducted with (BALB/cAn X DBA/2J)F, hybrid male 
mice, unless otherwise indicated. The tumors tested in the current study 
were derived from mice with advanced lymphoid leukemia (L1210 sensi- 
tive) that had been treated for an extensive period with either 3’,5’- 
dichloroamethopterin or 3’-bromo-5’-chloroamethopterin. The tumors 
recovered from mice treated with 3’,5’-dichloroamethopterin are from 
experiments S207 (9) and J320 (5). The tumors of mice treated with 
3’-bromo-5’-chloroamethopterin are from various groups in experiment 
J325 (6). 

A listing and history of the tumors tested in the current study are 
shown in table 1. In the original experiments from which the tumors 
were obtained, treatment had been initiated on the 7th or 8th day after 
leukemic inoculation and continued daily until the 90th day, unless the 
animals were killed earlier. The mice were killed from 71 to 200 days 
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from the time of leukemic inoculation. The source of tumor material, 
after the above treatments, was the spleen, the solid tumor, or the blood. 

Comparisons are made with two lines of the sensitive L1210 (10), the 
Z line carried in the indigenous strain (DBA/2J) and the BB line carried 
in (BALB/cAn X DBA/2J)F, hybrids. The amethopterin-resistant 
variant of L1210 (M46R) was obtained by treatment with 3 mg. per kg. 
of amethopterin on alternate days in serial intraperitoneal passage of the 
sensitive leukemia (L1210—Z) in the hybrid mice. It had been carried 
subcutaneously for 22 generations without treatment when employed in 
the current study. 

A suspension of spleen cells or tumor cells was employed as the inoculum 
in the experiments in which the tumors were tested for sensitivity to 
therapy with amethopterin, 3’,5’-dichloroamethopterin, or 6-mercapto- 
purine. The cell suspensions were inoculated subcutaneously into the 
right hind leg (0.1 ml. of leukemic cell suspension per mouse). The 
inoculum (approximately 500,000 cells per mouse) was generally 10 to 
100 times greater than that required to give 100 percent mortality in a 
serial dilution of the inoculum in controls. Treatment was initiated 2 to 3 
days after leu'emic inoculation, or, when indicated, after the appearance 
of a local tumor at the site of leukemic inoculation. Amethopterin and 
3’,5’-dichloroamethopterin * were dissolved in a 2 percent solution of 
sodium bicarbonate. 6-Mercaptopurine ® was dissolved in dilute sodium 
hydroxide. The drugs were administered subcutaneously in the axillary 


region at 0.01 ml. per gm. of body weight. Treatment was given daily 
until all the animals succumbed. The mice were observed for mortality, 
and observations were made of local tumor size and body weight. 

Tissues were fixed in Zenker-formol and stained with hematoxylin and 
eosin. 


RESULTS 


The data are summarized in tables 1 through 6 and text-figures 1 
through 4. Table 1 lists the derived tumors and shows the history of the 
original experiments with 3’,5’-dichloroamethopterin and 3’-bromo-5’- 
chloroamethopterin from which the various tumors were recovered. 

Summary data are also presented (table 1) of the experiments in which 
the tumors were tested for sensitivity to treatment with amethopterin. 
The generation number and the source of the experimental inoculum are 
designated for each test. Also included are the median survival time of 
controls, the optimal daily dose for amethopterin, and the median sur- 
vival time at the optimal dose. The relative increase in median survival 
time elicited at the optimal dose of amethopterin as compared with the 


5 The folic acid analogues were provided by the Research Division, American Cyanamid Company, Pearl 
River, N.Y. 


* 6-Mercaptopurine was provided by Dr. George Hitchings, of the Burroughs Wellcome Research Laboratories, 
Tuckahoe, N.Y. 
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controls is shown in the last column. Data are also included on the two 
lines of the sensitive L1210 (Z and BB). 

It may be seen in table 1 that the untreated mice inoculated with the 
various tumors recovered from animals that had been given prolonged 
treatment showed a wide range of median survival times (9-66.5 days 
for the S207-2; tumor and the J325-4C, tumor, respectively). The 
L1210 sensitive lines (Z and BB), in contrast, in five experiments 
showed uniform medicn survival times of short duration (9-13 days). 

It may also be noted in table 1 that the recovered tumors showed a 
wide range of sensitivity to amethopterin. The relative median survival 
time for the treated tumorous mice, as compared with their own controls 
taken as unity, ranged from 1.03 (J320-3A, tumor), indicating marked 
resistance, to 3.40 (J325-4A, tumor), indicating definite sensitivity. With 
the original sensitive lines of L1210, the relative median survival times 
for the amethopterin-treated mice were 2.78 to 4.96 times greater than 
their controls. 

Table 2 shows the survival time and tumor-size data for mice receiv- 
ing uniform trocar implants (approximately 25 mg. each) of solid tumor, 
for 10 of the recovered tumors. Similar data are also shown with trocar 
implants of solid tumor of one of the original sensitive lines and with 
a serial dilution of leukemic cell suspension of the sensitive line. There 
was a wide range in survival time and in tumor size, prior to death, among 
the various recovered tumors. Tumor growth and survival time were 
similar to those of the sensitive line, with only 4 of the 10 tumors 
tested. The extensive survival time and large tumor diameters observed 
with 6 of the 10 derived tumors were not duplicated by serial dilution 
of the inoculum for the sensitive leukemia L1210-Z (table 2). 

Microscopic sections of the various sublines of recovered tumors were 
examined for comparison with the original sensitive lines of leukemia 
L1210. Examination of the sections, stained with hematoxylin and 
eosin, did not reveal any significant differences between the derived 
tumors and the original leukemia L1210.’ 


Tumor J320-3A, 


Table 3 presents detailed data on the J320-3A, tumor—J320 is the 
experiment number from which the original mouse came. The group 
number is 3A, and the subnumber 7 indicates the number of the original 
mouse. The original mouse had received 28 mg. per kg. of 3’,5’-dichloro- 
amethopterin daily from day 8 to day 60 and was killed on day 86. Table 
3-A summarizes the history of the original mouse. The local tumor at 
the site of leukemic inoculation (originally 10 mm. in diameter) regressed, 
and the animal gained weight during the period of therapy. After the 
discontinuance of therapy, the mouse lost weight rapidly. On autopsy, 
at day 86, there was no gross evidence of tumor except for suspicious 
enlarged nodules in the submaxillary area. 


7 The authors wish to thank Dr. G. Burroughs Mider for examination of the sections. 


VOL. 28, NO. 4, OCTOBER 1959 


| 


638 HUMPHREYS AND GOLDIN 


TaBLe 2.—Tumor growth and survival time for mice with trocar implants* of 10 
of the sen 


Survival times after 
(Days) 


Generation 
Tumor No. 7 8 9 1011 12 13 1415 16 17 18 19 20 21 22 23 


7 
4 


17 

19 

15 

19 4 

J325—4A, 6 1 

6 
7 

20 
rg 
7 


J325-4B; 
Sensitive L1210-Z 232 4 6 


Cell suspension; sensitive 

L1210-Z 

Expt. inoculum{ 209-212 & 7 
1/10 221 
2 


1/100 
1/1000 


1 §1 


3 
1 1 1 
2 
1 


*The trocar implants weighed approximately 25 mg. each. 
tAverage of 2 dimensions. 


The history of the first generation is summarized in table 3-B. Tumor 
was recovered from a mash prepared from submaxillary area tissue, as 
well as from a suspension of spleen cells from the original mouse. These 
tumors grew slowly, attained large sizes, and killed in 31 to 39 days. 

One of the mice (table 3—B, #4) that had been inoculated with a spleen 
suspension was killed at 21 days after tumor inoculation, and a suspension 
of cells of the local tumor was inoculated into mice used in experiment 
$200 (table 3-C and 1). Here, too, with the inoculum taken directly from 
the local tumor, the tumor grew slowly, attained a large size, and killed 
relatively late. Treatment with 1 mg. per kg. of amethopterin failed to 
inerease survival time (median survival time: controls, 36 days, treated, 
37 days) and failed to retard the growth of the local tumor. Mice inocu- 
lated with the blood or a spleen mash of mouse #4, and not treated, 
showed even longer survival time and failed to “‘take’’ in a relatively high 
percentage of the mice. The latter observation would suggest that at the 
time mouse #4 was killed (21 days), unlike the sensitive L1210, the extent 
of infiltration had not been extensive. With the sensitive lines of L1210 
at 7 or 8 days after subcutaneous inoculation of cells, transfer of blood or 
spleen cells invariably takes (6). 

A second mouse of tumor generation 1 (#1) was killed on day 32 and 
used in experiment S201 (table 3-D). It had a large local tumor, a mash 
of which was inoculated into the hybrid mice (BALB/cAn X DBA/2J)F,, 
the DBA/2J mice, and the BALB/cAn mice. The tumor grew progres- 
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derived tumors as compared with trocar implants and serial dilution of cell suspensions 
sitive L1210 


Tumor 

diameter 

tumor inoculation prior to 
death 

(average 
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 49 41 42 43 44 45 mm.)t 


De 
NOUN ow 


tPooled data of expts. C40, 44, and 45. Approximately 500,000 cells in the experimental inoculum. 
§Had a 9-mm. tumor prior to death. 


sively in the hybrids and in the DBA/2J mice, with median survival times 
of 34.5 and 30.5 days, respectively. As is usual with the L1210 sensitive 
leukemia, it did not grow as well in the BALB/cAn mice. 

Thus, the J320-3A, tumor, a variant of the L1210 sensitive tumor 
appearing in response to treatment with 3’,5’-dichloroamethopterin, was 
slow-growing and attained a large size prior to death. Since the trans- 
plant for experiment S200 was made from solid tumor mash, it would be 
difficult to account for the slow growth by any reduction in the number 
of cells of the inoculum. Also, trocar implantation of tumor behaved in 
the same manner (table 2). The tumor was relatively resistant to 
amethopterin, appeared to have the same strain specificity as the L1210 
sensitive leukemia, but apparently metastasized more slowly than the 
sensitive line. This tumor was transferred approximately every 30 days 
from a spleen suspension, for 14 generations, and still grew slowly. 


Tumor J325-4A; 


Detailed data on another slow-growing tumor variant from a mouse 
treated with 3’-bromo-5’-chloroamethopterin (J325—-4A; tumor) is shown in 
table 4. The tumor appearing in the upper maxillary area and the spleen 
mash, which were both transplantable, grew slowly, attained large sizes, 
and killed late (table 4-B). Unlike the J320-3A, tumor, the J325-4A, 
tumor appeared to retain considerable sensitivity to amethopterin (table 
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However it did give an increase in survival time for the sensi- 


-growing J320-4As3 tumor, 
The toxicity of 6-mereaptopurine was reflected in reduction in size of local tumor and weight loss of the animals. 


*6-Mercaptopurine was too toxic at the dose employed and survival time was reduced in the slow 


tive tumor in which fewer treatments were given. 
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4—D and expt.C51). This was reflected in a marked increase in survival 
time of the animals treated with amethopterin, and a decrease in the rate 
of growth of the treated tumors. Treatment with 6-mercaptopurine 
inhibited the growth of the local tumor, but the dosage of drug was too 
high and resulted in a decrease in survival time relative to the controls. 


Tumors J325-4H; and J325-4C, 


Text-figure 1 (expt. C40) compares the effect of amethopterin in 
increasing survival time of one of the sensitive L1210 lines and two 
fast-growing tumors derived from mice treated for an extended period 
with 3’-bromo-5’-chloroamethopterin. The median survival times are 
shown over a range of doses. The J325-4H; tumor retained its sensi- 


< 30+ 
2 

w 

2 

z 

f 

a J325-4Cp 

a CONTROL J325-4Hs 

ral CONTROL J325-4Cp 

LI2I0-Z 


je DAILY STARTED 
L 


7 0.47 0.78 1.30 2.16 3.60 
AMETHOPTERIN, mg/kg. DAILY 


Text-FiGuRE 1.—The effectiveness of amethopterin in increasing survival time of 
two tumors (J325-4H; and J325-4C,) obtained from leukemic (L1210) mice treated 
for an extended period of time with 3’-bromo-5’-chloroamethopterin, as compared 
with the original sensitive leukemia (L1210-Z). Treatment was initiated 2 days 
after leukemic inoculation. 


tivity to amethopterin, while the J325-4C, tumor was relatively resistant. 
The previous history of these tumors is summarized in table 1. It is 
of interest to note that the tumor that retained both the original rate 
of growth and the original sensitivity to amethopterin (J325-4H;) had 
been treated with the lowest dose of 3’-bromo-5’-chloroamethopterin 
(3.6 mg./kg. daily). The J325-4C, tumor had been treated with daily 
doses of 46.3 mg. per kg. of 3’-bromo-5’-chloroamethopterin. 
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Tumors 8207-2, and J325—-4E; 


Text-figure 2 (expt. C44) shows the median survival time, over a range 
of doses, for a fast-growing, relatively resistant variant, S207—2,, (table 1) 
derived after treatment with 75 mg. per kg. daily of 3’,5’-dichloro- 
amethopterin. The control median survival time of 14 days was increased, 
at optimal doses, to 19 days. In contrast, the median survival time for 
the L1210-Z leukemia was increased from 10 days to 39 days in the con- 
trols. A second tumor, J325-4E;, (table 1) obtained from a mouse 
treated with 16.7 mg. per kg. 3’-bromo-5’-chloroamethopterin grew 


T T T 
J325-4E, 
> 
w 
= sot 
J325-4Es 
$ 40457 CONTROL 
30+ “i 
z 
< 
$207-24 
o— 
O— CONTROL S$207-24 
CONTROL LI2I0-Z aa 
DAILY TREATMENT STARTED 
° 0.78 1.30 2.16 


AMETHOPTERIN, mg/kg. DAILY 


TExt-FIGURE 2.—The effectiveness of amethopterin in increasing the survival time 
of two tumors (J325-4E; and 8207-2,) obtained from leukemic (L1210) mice 
treated for an extended period of time respectively with 3’-bromo-5’-chloroameth- 
opterin and 3’,5’-dichloroamethopterin, as compared with the sensitive leukemia 
(L1210-Z). Treatment was initiated 3 days after leukemic inoculation. 


slowly and had a median survival time of 41 days for controls. Although 
the increase in survival time elicited by amethopterin with the J325-4E, 
tumor was not extensive, relative to controls, there was nevertheless con- 
siderable sensitivity that was reflected in a 32-day increase in median 
survival time on treatment with amethopterin (median survival time, 73 
days). With the J325-4E, tumor, the experimental inoculum was 100 
times greater than that giving 100 percent death in serial dilution of the 
inoculum, which indicated that the long survival time of controls was 
not attributable to any reduction in potency of the inoculum. Exten- 
sive survival time was also observed with trocar implantation of this 
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tumor (table 2). At one one-hundreth of the experimental inoculum of 
the L1210—Z tumor, the animals were all dead by the 12th day. 
Text-figure 3 (expt. C44) compares tumor growth and body-weight 
changes for the J325-4E,; tumor and the L1210-Z leukemia, with and 
without treatment by amethopterin. In the J325—-4E, controls the local 
tumor at the site of inoculation appeared later than in the L1210-Z, 
and achieved a considerably larger size prior to death. On treatment 
with the optimal dose level of amethopterin (1.3 mg./kg.; see text-fig. 2), 
tumor growth was retarded for both tumors. Although the local tumors 


30- 
J325-4Es 
20+ 1.3mg,/kg. AMETH. 
J325-4Es 
2 

t + | | 
3 

J325-4E, 
CONTROL 
30- LI210z 1.3 mg/kg. 

.3mg/kg AMETH. 
g 


DAYS AFTER TUMOR INOCULATION 


TrExt-FIGURE 3.—Comparison of tumor diameter and mouse weight of amethopterin- 
treated and control mice for the variant J325-4E; leukemia and the sensitive 
L1210-Z leukemia (see text-fig. 2). Treatment was initiated 3 days after leukemia 
inoculation. 


appeared later in the J325-4E; treated mice, the tumors eventually 
achieved larger sizes than in the L1210-Z treated group. 

Total-body weight of mice with the L1210-Z line showed little change 
in the short time to death (text-fig. 3). The marked increase in total- 
body weight for the mice with the J325-4E, tumor would appear to be 
a reflection of the increased growth of the tumor. The relatively equal 
and stable body weights, on treatment with amethopterin, are indica- 
tive of equivalent and fairly extensive host tolerance to the optimal 
dosage of drug, for mice with the original and variant tumor. 
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Tumors J325—-4C,, J325—4A., and $207-2; 


Data on 3 additional tumors derived from long-term survivors are 
summarized in table 5 (expt. C45 and table 1). The J325-4C, tumor 
derived from a mouse treated with 46.3 mg. per kg. 3’-bromo-5’-chloro- 
amethopterin was slow-growing and showed a 27-day increase in median 
survival time on treatment with amethopterin. The increase in survival 
time relative to controls was low, however, since there was a long survival 
time for the controls (median survival time, 66.5 days). With this tumor 
only one of three of the tumor-titration group died when 0.1 ml. of the 
experimental inoculum was given, which indicates that at least part of 
the slow growth of the tumor resulted from a reduced number of leukemic 
cells in the inoculum. That this tumor is slow-growing, however, is 
substantiated by the extensive survival time obtained on implantation 
of solid tumor (table 2). If the concentration of the inoculum had indeed 
been low, this would, in turn, suggest that the tumor is quite resistant. 
At reduced inoculum levels with the sensitive L1210 tumor, extensive 
survival time and “no takes” would be expected, particularly when treat- 
ment with amethopterin is initiated early (11, 12). 


TasLe 5.—Influence of amethopterin on survival time of mice inoculated with the 
sensitive L1210—Z and three sublines* 


Amethopterin, daily dose (mg./kg.) 
0 0. 77 1. 29 


2. 16 
Tumor Median survival time (days) 
J325-4C, 66. 5 86 93. 5 24.5 
J325-4A, 10 31 34 18.5 
$207-2, 9.5 15 17. 5 16 
L1210-Z 13 40 64.5 21 


*Treatment initiated on day 2. See table 1 and expt. C45. 


The J325-4A, tumor derived from a mouse treated with 129 mg. per 
kg. of 3’-bromo-5’-chloroamethopterin was fast-growing and quite sensi- 
tive, and showed a 3.4-fold increase in median survival time on treatment 
with amethopterin (tables 1 and 5). 

The S207-2, tumor derived from a mouse treated with 75 mg. per kg. 
of dichloroamethopterin continued to grow rapidly, and showed partial 
resistance to amethopterin (tables 1 and 5). 

In experiment C45 (table 5) the L1210-Z tumor showed greater sensi- 
tivity than is ordinarily observed. The titration of the L1210-Z experi- 
mental inoculum in this experiment indicated that it was not as potent 


as usual. The animals succumbed at 0.1 but not at 0.01 ml. of the experi- 
mental inoculum. 


Relative Response of a 3’ ,5’-Dichloroamethopterin-Resistant Variant 
(S207-2;) of L1210 to 3’,5’-Dichloroamethopterin and Amethopterin 


Since the 5207-2; tumor derived from a mouse treated with 3’,5’-di- 
chloroamethopterin showed partial cross-resistance to amethopterin, an 
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experiment was conducted to determine whether it would have the same 
or an altered degree of resistance to 3’,5’-dichloroamethopterin (text-fig. 
4, table 1, and expt. C46). The sensitivity of the tumor to treatment 
with 6-mercaptopurine was also tested. The data indicate that the 
$207-2, tumor was less resistant to treatment with 3’,5’-dichloroameth- 
opterin than to amethopterin. Optimal treatment with amethopterin 
in this experiment elicited a 1.9-fold increase in median survival time over 
controls, while treatment with 3’,5’-dichloroamethopterin increased 


| 
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3}5-DICHLOROAMETHOPTERIN, mg/kg. DAILY 
OR 6-MERCAPTOPURINE, mg/kg. DAILY 


TEXxtT-FIGURE 4.—Comparison of the relative effectiveness of 3’,5’-dichloroamethop- 
terin, amethopterin, and 6-mercaptopurine in increasing survival time of the 8207-2; 


tumor variant obtained from a leukemic (L1210) mouse treated with 3’,5’-dichloro- 
amethopterin. 


median survival time 3.7-fold. However, the increase in survival time 
with 3’,5’-dichloroamethopterin was considerably less than that usually 
observed with the L1210 sensitive leukemia (2-5). Thus, 3’,5’-dichloro- 
amethopterin, which is more effective than amethopterin in increasing 
survival time of the sensitive line of L1210, was also more effective than 
amethopterin against a somewhat resistant line. 

Treatment with 6-mercaptopurine was almost as effective as treatment 
with amethopterin in increasing the survival time of mice with the S207-2, 
tumor. Against the sensitive L1210, 6-mercaptopurine is ordinarily 
about 50 to 60 percent as effective as amethopterin (6, 8). 
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Relative Response of an Amethopterin-Resistant Variant of L1210 
(M46R) to 3’,5’-Dichloroamethopterin and Amethopterin 


Since a resistant variant of leukemia L1210 arising in response to treat- 
ment with 3’,5’-dichloroamethopterin was more resistant to treatment 
with amethopterin than to 3’,5’-dichloroamethopterin, it was considered 
of interest to study the reverse situation in which a resistant variant of 
L1210 (M46R) had appeared in response to therapy with amethopterin. 

The results of an experiment comparing the effectiveness of amethop- 
terin, 3’,5’-dichloroamethopterin, and 6-mercaptopurine in increasing the 
lifespan of mice with this leukemia (M46R) are summarized in table 6. 
The tumor virtually was completely resistant to treatment with ame- 
thopterin. In contrast, 3’,5’-dichloroamethopterin was still capable of 
giving a 5.5-day increase in survival time over controls. 6-Mercaptopurine 
was somewhat more effective than the dichlorinated compound giving a 
7.5-day increase in survival time. The greater therapeutic effectiveness 
against the sensitive leukemia L1210 of both 3’,5’-dichloroamethopterin 
(median survival time, 64.5 days at a dose of 98 mg./kg. daily) and ame- 
thopterin (median survival time, 29 days at a dose of 0.98 mg./kg. daily) 
may also be noted in table 6. The resistant tumor and sensitive L1210 
had approximately the same degree of responsiveness to treatment with 
6-mercaptopurine. 


TaBLE 6.—Relative effectiveness of 3’,5’-dichloroamethopterin, amethopterin, and 
6-mercaptopurine in increasing survival time of mice with the sensitive 
L1210 and an amethopterin-resistant subline* 


Optimal Median 


daily dose survival 
Compound (mg./kg.) time (days) 
M46R 3’,5’-Dichloroamethopterin 140 16 
6- Mercaptopurine 140 18 
' Amethopterin 0. 48-2. 0 11 
Controls — 10. 5 
Daily dose 
L1210-Z 3’,5’-Dichloroamethopterin 98 64. 5 
6-Mercaptopurine 98 18 
Amethopterin 0. 90 29 
Controls 12.0 


*Cells per mouse for each tumor, 400,000; treatment day, 8 to 60; L1210-Z—-Generation 224; M46R—Genera- 
tion 60; expt. 8242. 


DISCUSSION 


Marshall (13) emphasized that in infection-chemotherapy, consideration 
should be given to the triad of the host, parasite, and drug. Similarly, in 
antitumor chemotherapy the host-tumor-drug relationship governs drug 
effectiveness (11, 14-16). 

Two of the factors that may alter the host-tumor-drug relationship and 
thereby limit the employment of the available antineoplastic agents are 
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the toxicity of the drugs for the host and the development of resistance to 
drug therapy. 

Most of the known antineoplastic agents are toxic for the host as well 
as for the tumor. So long as the available drugs showed relatively little 
selective, antitumor action, the toxicity of the drugs for the host per se 
could reasonably account for the failure of therapy after a relatively short 
period of treatment. In the management of mouse leukemia (L1210) with 
antagonists of folic acid, tolerated dosages of drug increased the survival 
time, but permitted progressive growth of the tumor (12). Higher dosages 
caused more extensive retardation of tumor growth, but the animals suc- 
cumbed primarily to drug toxicity. 

The selection or appearance of resistant, variant cells also could result 
in reduced drug effectiveness. Burchenal e¢ al. demonstrated the emer- 
gence of resistant cells in response to amethopterin treatment of leukemic 
mice (17). The phenomenon has now been investigated in various systems 
(18-26). As has been pointed out by Skipper et al. (27), since most of 
the available antineoplastic drugs have a low order of antitumor specificity 
of action, even a small change in the degree of tumor-cell resistance could 
result in the drug becoming ineffective. 

In previous studies with leukemia L1210 in which treatment with 
amethopterin was initiated early in the course of the disease, extensive 
survival times and a low but significant number of total recoveries from the 
leukemic implant were observed (12). Also, the leukemic cells of several 
of the animals that had survived for a relatively extended period of time 
showed little or no evidence of resistance (12). Although these observa- 
tions did not rule out the possibility that the origin of a low level of 
resistance may have interfered with therapy, they did suggest that, with 
this leukemia, the problem of the appearance of a large population of 
resistant variants did not necessarily enter as a major factor in the failure 
of therapy. 

Nevertheless, with the advent of compounds with greater antileukemic 
action, such as the ones employed in the current study, the toxicity of the 
drugs would appear to diminish in importance as a limiting factor, while 
other factors such as the origin of resistant variants may become increas- 
ingly important as limitations to therapy. Various possible mechanisms 
leading to drug ineffectiveness, such as the augmentation of enzymatic 
detoxification mechanisms, increase in biosynthesis or concentration of 
a metabolite, changes in cell permeability, and the development of alter- 
nate pathways, are discussed by Law (20). In the current series of 
experiments (5), the halogenated derivatives of amethopterin were capable 
of increasing the survival time for an extended period, and some of the 
animals were apparently cured of the disease, even when the treatment was 
started after the disease was systemic. Nevertheless, the ultimate failure 
of treatment, when it occurred, may, at least in some cases, be attributable 
to the origin of resistant, variant tumor cells. 

The current studies show that with extensive therapy a whole spectrum 
of variants may arise, which show altered rates of growth, apparently 
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altered degrees of invasiveness, and a wide range of sensitivity to the 
drugs, including highly sensitive as well as almost completely resistant 
forms. Some of the tumors derived after extensive therapy retained 
their original rate of growth, and killed in a short time like the original 
sensitive leukemia (L1210). Others grew slowly at the site of leukemic 
inoculation, achieved large sizes prior to death, and gave very extensive 
survival times. There did not seem to be any definite correlation between 
the rate of growth of the tumor and the degree of resistance. Both rapid- 
growing and slow-growing tumors demonstrated varying degrees of 
resistance. It is noteworthy that altered forms of tumor-cell populations 
appearing at various sites have been observed with a plasma-cell neoplasm 
(21, 24). Treatment of the plasma-cell neoplasm with DON (6-diazo-5- 
oxo-L-norleucine) and with azaserine (O-diazoacetyl-L-serine) resulted in 
the appearance of resistant variants, in some instances in a single genera- 
tion. The altered forms observed in the current study may resemble 
the “late recurrences” which were noted with the plasma-cell neoplasm 
on treatment with the glutamine antagonists. 

The variants appeared to be relatively stable in serial passage, without 
further treatment. One of the slow-growing tumors that attained large 
sizes and showed long survival times retained these characteristics after 
15 generations (table 2). 

The S207-2, tumor had not lost any of its acquired resistance after 6 
generations (table 1). After 16 generations, however, it was only slightly 
more resistant to amethopterin than the parent sensitive line, and no 
difference could be demonstrated with 3’,5’-dichloroamethopterin. 

It is of interest that resistant tumor variants remained more responsive 
to treatment with dichloroamethopterin than with amethopterin, whether 
they arose from therapy with 3’,5’-dichloroamethopterin itself or with 
amethopterin. This would appear to be a reflection of the more extensive 
therapeutic effectiveness of the halogenated derivative, as demonstrated 
with the sensitive leukemia. That there was a reduction in effectiveness, 
however, for both drugs, as compared with the sensitive leukemia, suggests 
that the drugs exert their therapeutic action via similar mechanisms. 
This interpretation is supported by the observation that the antileukemic 
action of both 3’,5’-dichloroamethopterin and amethopterin may be 
reversed by citrovorum factor (6). The foregoing observations would 
suggest that the appearance of resistant variants may be combated by 
obtaining more effective structural analogues acting at the same sites, as 
well as by employing agents with different sites of action. 

In agreement with the previous observations of Law (20), 6-mer- 
captopurine retained its effectiveness, and there was no increase in 
collateral sensitivity against the resistant variants. 

To what extent the slow-growing tumors and the resistant variants 
obtained here were the result of random mutation and selection, as was 
demonstrated for amethopterin with this leukemia (28), has not been 
clarified. That the original inoculum of sensitive L1210 did not contain 
any sizable proportion of resistors is suggested by (a) the recovery of some 
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tumor lines that remained sensitive and (6) the apparent total eradication 
of tumor in some of the mice. It has been observed (5) that mice appar- 
ently cured of systemic leukemia L1210 by treatment with halogenated 
derivatives of amethopterin are resistant to reimplantation of the tumor. 
Reinoculation of leukemic cells either failed to take or a local tumor 
appeared, which grew slowly and achieved a large size prior to death. 
This observation raises the question of the relative contributions of direct 
antimetabolite effect by the drug, and the elicitation of immune response 
to the total antileukemic action. The unmasking of immunological 
differences on extensive therapy, or drug-induced alterations in host- 
tumor compatability relationships conceivably may have contributed not 
only to the resistance to reinoculation but also to the origin of the slow- 
growing and resistant variants. The importance of immunological 
mechanisms in influencing tumor growth has been amply demonstrated 
by numerous investigators (29-32). 

That the recovered tumors stem from the original leukemic inoculum 
is indicated by the similarity in histological appearance. The possibility 
of carcinogenic action of the halogenated derivatives was tested. Twenty 
nonleukemic mice were treated daily with 75 mg. per kg. of dichloro- 
amethopterin for 90 days and then observed for another 60 days. There 
was no evidence of appearance of tumor in any of these mice. 

Whether the appearance of the variant tumors may be related to a 
possible association of a transmissible tumor agent (33) has not been 
determined. 

The ability to obtain very extensive survival time with the halo- 
genated derivatives of amethopterin may facilitate study of the origin 
and nature of tumor variants and provide additional tumor material for 
investigation of the phenomenon of resistance in chemotherapy. 
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Effect of Trypsin on Growth in Several Clones 
of Tissue Cells’? 


DONALD M. 


PACE, 


LEFKOS AFTONOMOS, and 


WALTER M. ARTHUR, Institute for Cellular Research, 
Department of Physiology, University of Nebraska, 
Lincoln, Nebraska 


SUMMARY 


The effects of trypsin (Armour’s 
Tryptar) on three cell strains—NCTC 
clone 929 (strain L), NCTC clone 1469 
(mouse liver), and HeLa—were studied. 
Concentrations of 125 mg. percent and 
above destroyed the cells of all three 
strains cultivated in biological medium. 
In strain L and HeLa, there was a 
decided increase in cell number in the 
trypsin media (62.5, 31, and 16 mg. % 
trypsin) as compared to the controls, 
but trypsin had very little, if any, effect 
on mouse liver cells. Horse serum 
**predigested”’ with trypsin (62.5 mg. % 
and lower) before addition to the 
medium had an effect similar to whole 
medium exposed to trypsin—a pro- 
nounced increase in_ cell number, 
whereas liver-cell growth was retarded. 


Embryo extract ‘“‘predigested’’ with 
trypsin had effects on strain L and liver 
cells similar to that of the “predigested”’ 
horse serum; however, it had no effect 
on HeLa cells. Trypsin, 62.5 mg. per- 
cent and above, was toxic to strain L 
cells cultivated in a semisynthetic 
medium, while 31 mg. percent retarded 
growth. Very little effect was noted on 
the cells exposed to 16 or 10 mg. percent 
trypsin in this medium, although there 
may have been a slight stimulation in 
the 10 mg. percent trypsin. Indica- 
tions are that the beneficial effects of 
trypsin are due chiefly to the action of 
the enzyme on the medium while the 
toxic effects are caused by its direct 
action on the cells.—J. Nat. Cancer 
Inst. 23: 655-667, 1959. 


ONE OF the earliest records of the utilization of trypsin for preparation 


of suspensions of living cells was by Rous and Jones (1). This has led 
to various uses of trypsin, such as in the preparation of monkey kidney 
cells for poliomyelitis studies, reported by Youngner (2). Since that 
time many investigators have used the method. In recent years, trypsin 
has been employed widely in the transplantation of cell cultures. Rinal- 
dini (3) presented a very helpful review, on the isolation of living cells 
from tissues, in which he discussed the use of trypsin and other enzymes. 
Moscona (4, 8) and Moscona and Moscona (6) succeeded in breaking up 
embryonic rudiments into suspensions of viable cells by digestion of the 


1 Received for publication March 9, 1959. 

2 This investigation was supported by research grant C-1654 from the National Cancer Institute, National 
Institutes of Health, Public Health Service, and in part by funds received from the Cooper Foundation, Lincoln, 
Nebraska, through the University of Nebraska Foundation. 
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intercellular matrix in a dilute trypsin solution. Frisch and Jentoft (7) 
used it in the preparation of monkey testicular cells, and Chang (8) 
used it for preparation of epithelium-like cells from a variety of human 
tissues. 

However, there has always been some question as to whether or not 
trypsin has a beneficial effect on the separated cells. Simms and Stillman 
(9, 10) have shown that certain concentrations of trypsin will accelerate 
the growth of adult tissue in vitro. They suggest that this stimulating 
effect may be due to proteolytic digestion of the tissue substance and 
the apparent removal of an inhibitor contained in it. 

Fermi (11) demonstrated that trypsin, even in relatively high con- 
centrations, was not detrimental to living cells. More recently, others 
have confirmed this: Medawar (12); Runnstrom, Monne, and Broman 
(13); Northrop (14); and Meyer and Rapport (15). On the contrary, 
the work of Levan and Biesele (16) and Magee, Sheek, and Sagik (17) 
suggested that trypsinization caused damage to cells. Northrop (1/8), 
in ascertaining the permeability of living and dead cells to trypsin, found 
that as long as the cells were living no detectable quantity of enzyme 
was taken up by them; however, in the presence of dead cells, the enzyme 
disappeared rapidly from the solution and became concentrated within 
these cells. This was attributed to the increase in cell permeability in 
dead cells. Thus the advantage of using trypsin to digest the cell matrix 
as a means for establishing cell suspensions rests in the fact that there 
seems to be no danger, insofar as injury to the living cell is concerned, as 
long as the trypsin concentration is not too great. Nevertheless, although 
trypsin, as used by the investigators mentioned previously, did not appear 
to affect living cells, it is possible that prolonged contact may have an 
over-all effect on the physiological constitution of the cell. 

The present study was undertaken in an attempt to ascertain the 
effect or effects of various concentrations of trypsin on growth of clones 
of several types of tissue cells cultivated in vitro. 


MATERIALS AND METHODS 


In these investigations we used a highly purified crystalline trypsin 
prepared by the Armour Laboratories under the commercial name Tryptar, 
which contains 95 to 98 percent trypsin. In dry form, Tryptar is stable 
at room temperature. For use, it was dissolved in Sorensen’s phosphate 
buffer solution, pH 7.1, prepared by dissolving 6.6 mg. per ml. of anhydrous 
Na,HPQ, and 2.7 mg. per ml. of anhydrous KH;PO, in distilled water. 
This solution will retain 80 percent of its proteolytic activity up to 72 
hours at room temperature. 

Strain L cells (NCTC clone 929), mouse liver epithelium (NCTC clone 
1469), and HeLa cells were selected for these experiments. Replicate 
cultures were prepared in Carrel D-3.5 flasks. 
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The cells were cultivated in a medium consisting of 40 percent Earle’s 
balanced salt solution, 40 percent horse serum, and 20 percent chick- 
embryo extract (EE:50). The H-ion concentration was adjusted to 

H 7.4. 

’ Stock cultures were maintained in T-60 flasks and, when needed, the 
cells were scraped from the glass surface by means of a microrake or 
platinum-wire loop. A uniform suspension was established by drawing 
the cells in and out of a sterile pipette, which separated most of the cells. 
The desired quantity of fresh medium was added and the suspension 
placed ia the reservoir of the replicator, as described by Pace and 
Aftonomos (19). 

For each experiment, 10 Carrel flasks were used for control cultures and 
10 for each of the different trypsin concentrations studied. To each 
flask was added 1 ml. of the cell suspension in the desired medium, by 
means of the replicator. The trypsin-treated cultures were subdivided 
into 5 groups; they contained the same medium as the controls except 
that trypsin was added in the following concentrations: 250, 125, 62.5, 
31, and 16 mg. percent. All the cultures were placed in an incubator at 
37.5° C. for 48 hours, at which time the medium in each flask was replaced 
with fresh medium. At the same time 2 flasks were selected at random 
from the control group and 2 from each concentration of the experimental 
group so that counts could be made. For this purpose, an 0.9 percent 
NaCl solution containing 3 percent trypsin was used to free the cells of 
the strain L and HeLa cultures. 

However, this concentration of trypsin did not free the liver cells satis- 
factorily. Therefore, a solution of 0.1 m citric acid with crystal violet was 
used for nuclei enumeration of the liver cells. The method of counting 
was similar to that used by Sanford et al. (20). 

Since it is now evident that initial cell numbers have an influence at 
least on the rapidity at which cultures reach their maximum cell numbers 
[Earle et al. (21) and Pace and Aftonomos (19)], this was considered in the 
following analysis. The total number of cultures studied for each initial 
cell-density range as well as for each trypsin concentration was noted. 


RESULTS 


Effect of Trypsin on Cells Cultivated in Serum and Embryo-Extract 
Medium 


NCTC clone 929 (strain L).—Strain L cells are used widely for physio- 
logical studies and they were used initially in this study. 

It was found that the cells exposed to 250 and 125 mg. percent trypsin 
failed to survive. They detached in the higher concentration and for the 
most part disintegrated by the 2d day. Although the cells in 125 mg. 
percent trypsia actually proliferated to some extent during the first 48 
hours, they died by the 3d day. 

Initial cell inoculums differed in the various experiments as shown in 
table 1. The results of the effects of different trypsin concentrations on 
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TaBLeE 1.—Effects of different concentrations of trypsin on growth of three strains of 
tissue cells (strain L, mouse liver, and HeLa) cultivated in 
vitro with different initial cell numbers* 


Concentration of trypsin (mg. %) 


0 (Con- 
trol) 16 31 62.5 


Experimental Total number of cells (millions per 
Cell type group d ml.) 


A 
(50 cultures, 
5 expts.) 


ONANS 


++ 


NCTC clone 929 
(Earle’s strain L) 


B 
(30 cultures, 
3 expts.) 


OS 


(10 cultures, 
1 expt.) 


NCTC clone 1469 


B 
(mouse liver) (30 cultures, 


3 expts.) 


(10 cultures, 
1 expt.) 


(20 cultures, 
2 expts.) 


w 


*Initial cell number is an average of all cultures for each condition. 
tEach figure represents the results of only 1 experiment. 


strain L cells, when the initial cell number averaged 0.45 million per ml. 
(or per culture), are presented in table 1-A (NCTC clone 929). The 
figures represent average results for 5 experiments or a total of 50 cultures 
for each condition. 

The beneficial effect of trypsin on strain L cells is marked. In fact, the 
cells become so numerous that they slough off the glass substratum in 
great numbers after the 6th or 7th day. For this reason, the experiments 
were usually discontinued after the 8th day. 

The results of the experiment in which the initial cell number averaged 
0.65 million per ml. are given in table 1-B (NCTC clone 929). Three 
experiments were carried out in this range. In general, the results were 
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similar to those obtained for the experiments in which lower initial cell 
inoculums were used. 

There is a much greater increase in cell numbers produced in strain L 
cells exposed to concentrations of trypsin, 62.5 mg. percent and below, 
than in medium containing no trypsin. 

NCTC clone 1469 (mouse liver epithelial cells) —Five experiments were 
carried out with mouse liver cells; these were run in a manner similar to 
those already reported. 

The results obtained when the initial cell count averaged 0.32 million 
cells per ml. are presented in table 1-A (NCTC clone 1469). The liver 
cells reproduced rapidly and thus were not carried beyond the 8th day. 

Three experiments were conducted with an initial cell number approxi- 
mating 0.49 million per ml. and 1 experiment was conducted with an 
initial inoculum of 0.92 million per ml. The results are presented in table 
1-A, B, and C (NCTC clone 1469), respectively, and they indicate that 
very little effect, if any, was exerted on the liver cells, which is contrary 
to the results obtained with strain L cells. 

HeLa strain.—The HeLa cells are epithelial in nature and do not multi- 
ply as rapidly as those of strain L, under the conditions in which they 
were cultivated. 

Two experiments were carried out to study the effects of trypsin on 
these cells. The same techniques and procedures were used as for strain 
L cells and, just as in the latter, the HeLa cells soon died in concentrations 
of trypsin, 125 mg. percent or greater. The effects of lower concentra- 
tions are recorded in table 1-A (HeLa), which indicate the beneficial 
effects of trypsin at these concentrations. 

Thus, although the effect is not as obvious in HeLa cells as in strain L, 
there is a definite increase in cell number in the presence of any of the 
three different concentrations of trypsin. Although the lower concen- 
trations of trypsin result in an increase in cell numbers in strain L and 
HeLa, there is no indication as to how this is accomplished. Perhaps 
the effect is on certain constituents of the nutrient medium, or on the 
cells directly, or on both medium and cells. In an attempt to ascertain 
the real reason, the following experiments were conducted. 


Effect of Trypsin on the Nutrient Medium 


The same cell strains—NCTC clone 929, NCTC clone 1469, and 
HeLa—as well as the same concentrations of trypsin were used as for the 
previous experiments. Actually, the embryo extract and the horse serum 
were digested separately at 37° C. for 24 hours preceding the experiment, 
after which the tryptic activity was ‘‘destroyed” by heating to 56° C. 
for 30 minutes. The same treatment was given to the nutrient medium, 
used as the control, in which no trypsin was added. The results are 
compiled in table 2 and are comparable to the results obtained previously 
for the same cell strains (table 1). Trypsin, in these concentrations, has 
a definite stimulating effect on the growth of strain L and HeLa cells, 
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TaBLe 2.—Effects of 40:40:20 medium containing horse serum and embryo extract 
treated separately with different concentrations of trypsin upon cells in vitro* 


Concentration of trypsin (mg. %) 


trol) 16 31 62.5 
Age of 
Experimental cultures Total number of cells (millions per 
Cell type group (days) ml.) 
0 0. 90 0. 95 0. 95 0. 96 
A 2 0. 96 1. 83 2. 39 1. 90 
4 2. 40 6. 50 7. 00 6. 90 
NCTC clone 929 7 3. 50 6. 80 7. 40 7. 50 
(Earle’s strain L) 
0 0. 42 0. 43 0. 44 0. 43 
B 2 1. 40 2. 90 2. 70 3. 00 
4 2. 50 4. 80 4. 00 5. 00 
7 3. 40 5. 20 6. 00 7. 50 
0 0. 81 0.77 0. 85 0. 80 
A 2 1. 80 1. 20 1. 16 1.18 
4 2. 50 1. 20 1. 05 0. 95 
NCTC clone 1469 7 3. 50 3. 80 0. 95 1. 05 
(mouse liver) 
0 0. 58 0. 58 0. 58 0. 58 
B 2 1. 50 0. 95 1. 20 1. 40 
4 3. 00 0. 85 0. 60 0. 75 
rj 5. 50 0. 90 0. 75 0. 80 
0 0. 20 0. 20 0. 20 0. 20 
HeLa A 2 0. 42 0. 35 0. 35 0. 44 
5 0. 63 1.13 81.20 1. 20 


*Initial cell number is an average of all cultures for each condition, Each initial figure represents an average 
for 20 cultures (2 expts.). 


either when large numbers (0.90 to 0.96 million cells per ml.) are present 
in the initial inoculums or when smaller numbers (0.42 to 0.46 million cells 
per ml.) are present. 

In both experiments involving mouse liver cells, table 2-A and 2-B 
(NCTC clone 1469), there is a definite inhibitory effect in 1 of 2 tests with 
16 mg. percent trypsin and in all concentrations above 16 mg. percent. 

In HeLa cells the effect was similar to that found in strain L, 1.c., 
there was a greater increase in the number of cells, during the period of 
the experiment, in the cultures containing trypsin than in the controls, 
although this increase was not as evident as it was in the experiments 
on strain L (see table 2-A, HeLa). 


Effect of Trypsin on Horse Serum Added to the Nutrient Medium 


The same types of cells were used. In these experiments the horse 
serum was digested for 24 hours at 37° C., after which tryptic activity 
was “destroyed” by heating to 56° C. for 30 minutes. The embryo 
extract was not trypsinized. No trypsin was added to that part of the 
nutrient medium used as the control, but the control medium was heated 
to 56° C. for 30 minutes after a 24-hour period at 37° C. 

The results are given in table 3 and for the most part coincide with 
those reported in tables1 and 2. The difference in final cell numbers for 
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strain L and HeLa cells was not as great as in the previous tests, but 
there was a greater increase in cell number in the cultures in medium con- 
taining horse serum that had been acted upon by trypsin. 

However, in the liver cells there was a definite inhibitory effect as shown 
in table 2-A and 2-B, NCTC clone 1469. This inhibitory effect was 
more evident after the 2d day of the experiment. 


TABLE 3.—Effects of 40:40:20 medium containing horse serum treated with different 
concentrations of trypsin upon cells in vitro—the embryo 
extract was not treated with trypsin* 


Concentration of trypsin used in 
digesting horse serum (mg. %) 


0 (con- 
trol) 16 31 62.5 
Age of 


Experimental cultures (millions 
group (days) Total number of cells per ml.) 


NCTC clone 929 
(Earle’s strain L) 


NCTC clone 1469 
(mouse liver) 


HeLa A 


—) 


0. 63 


0 
2 
4 
7 
0 
2 
4 
7 
0 
2 
4 
7 
0 
2 
4 
7 
0 
2 
5 


for) 


*Same three types of cells were used as in previous experiments. Initial cell number is an average of all cultures 
for each condition. Each initial figure represents an average for 20 cultures. 


Effect of Trypsin on Chick-Embryo Extract Used in Nutrient Medium 


The embryo extract was exposed to trypsin in the same manner as the 
horse serum in the previous experiment. As usual the nutrient medium 
used as the control was kept at 37° C. for 24 hours and then heated to 
56° C. for 30 minutes. 

The results are presented in table 4, and again the effect of trypsinized 
embryo extract varied, depending upon the type of cell used. 

In strain L cells, trypsinized embryo extract resulted in a greater 
increase in cell number than in cultures not so exposed. Mouse liver 
cells, however, in trypsinized embryo extract were inhibited in growth 
similar to that noted in the two previous experiments. Although HeLa 
cells increased in number, when exposed to trypsinized embryo extract, 
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TasBLe 4.—Effects of 40:40:20 medium containing embryo extract treated with 
different concentrations of trypsin upon cells in vitro—the horse serum por- 
tion was not treated with trypsin* 


Concentration of trypsin used in 
digesting embryo extract (mg. %) 


0 
(Con- 
Age of trol) 16 31 62.5 
cul- 
Experimental tures Total number of cells (millions per 
Cell type group (days) ml.) 


0 0. 97 0. 97 0. 95 0. 90 

A 2 1. 05 2. 10 2. 20 2. 05 

4 2. 40 4. 65 5. 90 4. 60 

NCTC clone 929 7 3. 50 8. 00 9. 00 6. 25 
(Earle’s strain L) 

0 0. 45 0. 42 0. 45 0. 43 

B 2 1. 40 2. 50 2. 90 2. 90 

4 2. 50 6. 00 5. 00 5. 75 

7 3. 40 6. 50 6. 00 5. 10 

0 0. 80 0. 80 0.77 0. 82 

A 2 1.75 0. 90 1. 00 1.10 

4 2. 35 0. 92 1. 00 0. 96 

NCTC clone 1469 3. 05 0. 85 3. 00 2.10 

(mouse liver) 

0 0. 55 0. 58 0. 55 0. 57 

B 2 1.12 0. 72 0. 65 0. 70 

4 3. 00 0. 80 0. 70 0. 85 

7 5. 50 0. 94 0. 83 0. 92 

0 0. 20 0. 20 0. 20 0. 20 

HeLa A 2 0. 42 0. 25 0. 31 0. 38 

5 0. 63 0. 70 0. 78 0. 85 


*See footnote, table 3. 


to a greater extent than the control cultures, this difference is 
significant. 


Effect of Trypsin on Cells Cultivated in a Semisynthetic Medium 


In this series of experiments only strain L cells were used. These 
cells were cultivated in a semisynthetic medium consisting of NCTC 
# 109 [Sanford et al. (22)] supplemented with 10 percent horse serum. 
The experimental procedure was similar to that described when cells 
were cultivated in serum and embryo-extract medium. Under these 
conditions, concentrations of trypsin 62.5 mg. percent and greater were 
toxic to the cells; they died within 48 hours. Therefore, the following 
concentrations of trypsin were used in these experiments: 31, 16, and 10 
mg. percent. The initial cell numbers varied from 0.20 to 0.75 million 
per ml. 

Counts were made every 2 days, but only the final 8-day counts (which 
are considered maximal) are recorded in table 5. Although an exception 
was found in one of the experiments, cell proliferation was retarded in 
five other experiments, in media containing 31 mg. percent trypsin. But, 
very little, if any, effect was found in media containing 15 or 10 mg. per- 
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cent. This is contrary to the results obtained for cells cultivated in horse 
serum-extract medium containing various concentrations of trypsin. 

These results are verified by photomicrographs that were taken every 2d 
day of the cells exposed to various trypsin concentrations. Figures 1 
through 4 illustrate the condition of the cell populations after 5 days in 
medium # 109 plus horse serum (fig. 1), and in medium # 109 plus horse 
serum plus 10 mg. percent trypsin, plus 15 mg. percent trypsin, and plus 31 
mg. percent trypsin (figs. 2, 3, and 4, respectively). 

Trypsin appeared to be far more toxic to cells in the synthetic medium 
(NCTC # 109 plus 10% horse serum) than to cells grown in medium 
containing greater quantities of horse serum. Undoubtedly, this phe- 
nomenon is owing to the much lower concentration of antitrypsin that is 
present in 10 percent as compared to 40 percent serum. Also the results of 
the study made on the effects of trypsin in low concentration indicated very 
little, if any, stimulatory effect on cells grown in the semisynthetic medium. 


TasBLe 5.—Effects of trypsin on strain L cells 
cultivated in NCTC medium # 109 plus 10 per- 
cent horse serum. A comparison is made of 
cell number at the end of 8 days’ exposure 
to trypsin when different initial cell 
densities are used 


Concentration of trypsin (mg. %) 


0 
(control) 10 16 31 


Initial cell Number of attached cells after 8 days 
number (millions per ml.) 


3. 52 
3. 91 
3. 81 
4. 67 
5. 39 


SSS82E 


DISCUSSION 


Investigators in the field of tissue culture, or closely related areas, 
usually depend on trypsin to separate cells and suspend them in the me- 
dium for culturing. Trypsin readily digests certain proteins found in inter- 
cellular material. There is always the possibility, however, that trypsin 
may have an effect on the living cell itself, or that once the cell is exposed 
to trypsin it may no longer respond normally. Fermi (11) and others, 
however, have shown that many living cells can withstand relatively high 
concentrations of trypsin. 

The results of the experiments reported here indicate that the prolifera- 
tion of cells in vitro acted upon by trypsin may be accelerated, inhibited, 
or unaffected, depending upon the effective concentration of the enzyme 
in the nutrient medium and/or the type of cell under investigation. By 
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effective concentration is meant the quantity of trypsin remaining in the 
medium after inactivation of some portion of the enzyme by factors such 
as antitrypsin. The effective concentration would also depend upon 
temperature, pH, and available surface area. 

Time and temperature are factors which have been controlled in all the 
experimental conditions used in these investigations. The H-ion concen- 
tration is a changeable factor, and though adjusted to pH 7.4 in the 
original medium of each culture, it soon changes toward the acid side at a 
rate depending mainly on the rate of metabolism of the cells in each cul- 
ture. The mouse liver cells metabolize comparatively rapidly, thus 
causing a greater acidity in unit time than either the HeLa or strain L 
cells. Since the optimum H-ion concentration for tryptic activity is 
between pH 8 to 9, the more rapid increase in acidity in the liver-cel] 
cultures will decrease the tryptic activity. This may be the factor that 
causes a response in the mouse liver cells quite different from that in strain 
L or HeLa cells. The latter two strains proliferate to a much greater 
extent than the liver cells when exposed to 16, 31, or 62.5 mg. percent 
trypsin. The liver cells show very little, if any, significant effects. 

The antitrypsin factor in the serum is found in lower concentration in 
the synthetic medium, to which only 10 percent horse serum is added, than 
in the horse serum-embryo extract medium which contains 40 percent 
horse serum. This is apparently the reason why cells cultivated in the 
latter medium are able to withstand higher concentrations of trypsin than 
cells cultivated in the synthetic medium with a lower concentration of 
horse serum, 

The beneficial effects of trypsin, insofar as maximum cell numbers (strain 
L and HeLa) are concerned, are evidently due to the partial or complete 
digestion of the protein of horse serum and to the embryo extract in the 
40:40:20 medium. This also applies to the effects of the medium when 
either horse serum or embryo extract is predigested by trypsin. The 
results obtained when trypsin was added to the medium containing only 
10 percent horse serum verify this. Evidently the products produced by 
the digestion of this lesser quantity of protein are insufficient to produce 
more than a mere suggestion of an increase in proliferation in strain L cells 
in 10 or 16 mg. percent trypsin. 

The mouse liver cells were affected very little, if at all, when trypsin 
(62.5 mg. % and below) was added to the 40:40:20 medium, and pro- 
liferation was actually inhibited when they were exposed to a medium 
containing “predigested” protein of horse serum or embryo extract. It 
will be necessary to carry these investigations further so that a more 
complete understanding and interpretation of the results will be possible. 

The higher toxicity of trypsin observed in the semisynthetic medium 
plus 10 percent horse serum is, undoubtedly, indirectly due to the lower 
antitrypsin content in this medium, as compared to that in the 40:40:20 
medium. Thus, there is a higher effective concentration of trypsin in the 
semisynthetic medium. This indicates that the toxic effect of trypsin is 
evidently due to its direct action on the cells. 
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PLaTE 43 


Photomicrographs of strain L cells after 5 days’ exposure to different concentra- 
tions of trypsin. Initial cell number, 230,000 cells per ml. 


Figure 1.—Cells in NCTC #109 plus 10 percent horse serum. 
Ficure 2.—Cells in #109 plus 10 percent horse serum plus 10 mg. percent trypsin. 
Ficure 3.—Cells in #109 plus 10 percent horse serum plus 15 mg. percent trypsin. 


Fiaure 4.—Cells in #109 plus 10 percent horse serum plus 31 mg. percent trypsin. 
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Attempts to Reproduce Cirrhosis of the Liver 
in Rats After Total-Body X Irradiation ':’ 


HAROLD W. CARROLL, ALFRED P. SPIVACK,?’ and 
RALPH W. BRAUER, U.S. Naval Radiological Defense 
Laboratory, San Francisco, California 


SUMMARY 


Rats fed a low-protein (6% casein) diet of severity of fibrous proliferation also 
in these experiments had fatty infiltra- seemed to be dependent on the age of 
tion and varying degrees of fibrous pro- the rats when placed on the low-protein 
liferation of the liver regardless of diet. Fibrosis was seen generally in the 
whole-body X irradiation. Severity of animals with the most severe degree of 
the fibrotic lesions was reduced by fat infiltration.—J. Nat. Cancer Inst. 
choline suppl tation. The degree 23: 669-673, 1959. 


IT HAS been reported (1) that rats maintained on a 6-percent protein 
(casein) diet develop gross and microscopic cirrhotic lesions of the liver 
after exposure to 450-500 r of X irradiation. The results suggest that 
superposition of suitable stresses upon test animals brings about the 
unmasking of injury in an organ that has been reported, by others (2, 3), 
to be quite resistant to radiation damage. The experiments reported (/) 
are of importance not only in describing lesions in a specific organ in post- 
irradiation rats, on prolonged feeding of a low-protein diet, but also in 
providing a basis for experiments designed to assess injury of an organ 
after an extended period during which the test animals have apparently 
recovered from the radiation episode. 

The present communication deals with attempts to reproduce the 
important experiment previously reported (1) and to amplify it so as to 
assess the latent injury after apparent radiation recovery. 


EXPERIMENTAL PROCEDURE 


Weanling male and female rats (169 in all) of the Sprague-Dawley * 
strain born and reared in the laboratory colony were used in this investiga- 


! Received for publication March 20, 1959. 

? The opinions and assertions contained in this report are those of the authors and are not to be construed as 
official or reflecting the views of the Navy Department or the naval service at large. 

3 Philadelphia General Hospital, Philadelphia, Penna. 

‘ Personal communication from Dr. J. White states that the Sprague-Dawley rats he used weighed 110 to 120 
gm. at 7 to 8 weeks of age. Those used here averaged 210 gm. for males and 165 for females at that age. 
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tion. The rats were all placed on the experimental diet shown in table 1, 
and grouped according to age and radiation-exposure patterns described 
in table 2. Radiation exposures were made with a General Electric 
Maxitron Unit operating at 250 kvp, 25 ma., HVL 2.7 mm. Cu, and tar- 
get skin distance (TSD) of 115 cm. The rats were placed in the beam in 


TaBLeE 1.—Composition of experimental diet* 


Grams 


Casein (crude) 


Sucrose 1 
Inorganic salts (USP XIV) 40 
Cornstarch 475 
Crisco 240 
Yeast (Brewer’s) 20 
Cod-liver oil 10 
Cystine 


Total 


*All the rats were on a Purins chow diet until 
placed on this experimental diet. 


Tape 2.—Grouping of rats in experimental design according to age when placed on 
experimental diet, and radiation-exposure pattern 


Age in 
weeks 
when Age in 
placed on weeks 
experi- when 
Number mental X ray Exposure Total X- 
Group No.* of rats Sex diet began pattern ray dose 
(X) 10 M Single 
I 10 F 3 7 exposure 475 r 
(C) 10 M 
10 F 
(X) 10 M 
II 10 F 3 7 200 r/weekt 1000 r 
(C) 10 M 
10 F 
(X) 8 M 
IIIt 7 F 3 7 200 r/weekt 1000 r 
(C) 8 M 
7 F 
ow (X) 12 M 7 7 200 r/weekt 1000 r 
(C) 7 


(X) 
(C) 
(X) 12 M 19 7 200 r/weekt  1000r 
(C) 


*X = Irradiated; C= control. 
t The 200 r per week was administered for 5 consecutive weeks. 

t This group received an additional vitamin supplement in mg. which provided per rat per day: thiamine 
hydrochloride, riboflavine, folic acid, and pyridoxine hydrochloride, each 0.02; calcium pantothenate and p-amino 
benzoic acid, each 0.1; nicotinamide, 0.066; inositol, 2.5; biotin, 0.002; and choline, 10.0. 


200 r/weekt 


VI 
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3-tiered individual plastic boxes in which the dose rate in air, monitored 
with a Victoreen ionization chamber before and after each run, was 
13 r per minute. 

All the irradiated rats were allowed food and water ad libitum. Pair 
feeding was done on control, unirradiated litter mates until it was observed 
that food intake of the irradiated rats had returned to pre-exposure levels, 
i.e., in a period of 2 to 3 days. All the animals were continued on the 
experimental regimen until death or until killed at 283 days after the last 
radiation exposure. At the time the rats died or were killed the livers 
were examined grossly and small pieces, always from the left lateral lobe, 
were fixed in 15 percent formalin, sectioned, and then stained with 
hematoxylin and eosin. Sections from each piece of tissue were also 
stained with phosphotungstic acid and iron hematoxylin, which is specific 
for fibrous tissue. 


Criteria for Morphologic Classification on the Basis of Microscopic 
Examination 

Fatty infiltration.—The grading was done on the basis of subjective 
impression of the amount of vacuolization present in the liver. Verbal 
ratings assigned were none to slight, moderate, and severe. 

Fibrous proliferation.—Ratings were designated here, as previously, 
none to slight—no vascular changes, very slight bands of connective 
tissue, and no, or minimal, parenchymal involvement. Moderate— 


thickened bands of connective tissue, some vascular damage, and up to 
50 percent of parenchymal involvement. Severe—extensive vascular 
damage with 50 to 100 percent of the parenchymal tissue isolated into 
nodules. 


RESULTS 


During the first 70 days after radiation exposure, 8 rats died. Five 
of the 8 were irradiated and 3 were controls. The 3 controls had gross 
nodular cirrhosis. The 5 irradiated rats showed no gross lesions but 
did fall in the none-to-slight grouping when examined microscopically. 
All 8 of these animals showed severe fatty infiltration. 

In the intervening 210 days before all the animals were killed, 15 more 
rats from all groups died. Autolysis of some of the livers precluded the 
taking of specimens, but among those examined, the irradiation appeared 
to have no influence on the onset of cirrhosis. 

Histologic results are tabulated in table 3 according to the criteria 
outlined. As no differences were noted between the sexes, the results 
have all been combined in this table. 

Examination of the results in table 3 showed that (1) irradiation, 
regardless of total dose or pattern of exposure, caused no increase of 
fibrous proliferation over that seen in the controls; (2) vitamin supple- 
mentation of the diet in group III reduced the fatty infiltration to some 
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TasLe 3.—Fibrous proliferation and fatty infiltration in the liver after various 
radiation-exposure patterns and dietary regimens 


Fibrous proliferation: Fatty infiltration: 
Degree of lesion Degree of lesion 
Number Moder- Slight Moder- Slight 
Group of rats Severe ate ornone Severe ate or none 
(X) 18 3 3 12 17 1 0 


(C) 17 6 4 7 17 0 0 
- (X) 19 0 5 14 12 7 0 

(C) 18 4 2 12 15 3 0 

(X) 13 0 0 13 8 5 0 
III 

(C) 14 0 0 14 4 5 5 

(X) 11 0 0 11 9 2 0 
IV 

(C) 7 0 0 7 7 0 0 
y (X) 9 0 0 9 5 3 1 

(C) 6 0 0 6 3 3 0 

(X) 8 0 1 7 7 0 1 
VI 

(C) 5 0 0 5 3 0 2 


degree and all but eliminated fibrous proliferation; (3) the minimal 
cirrhosis observed in groups IV, V, and VI indicates the possibility of 
an age dependence in the production of these lesions; (4) the fibrosis was 
seen in the animals with the most severe degree of fatty infiltration. 


DISCUSSION 


Evidence is accumulating that animals that have sustained a radiation 
exposure and survived appear to recover to a degree which makes them 
superficially indistinguishable from controls. Such animals, however, 
have a reduced life expectancy (4) and perhaps other physiologic and 
biochemical incompetency. The results reported previously (1) suggested 
to the present authors that superposition of a low-protein diet on ‘‘appar- 
ently recovered” animals might prove useful in unmasking injury which 
otherwise might not appear. 

The experiments reported here were an attempt to reproduce those of 
White (7) and were extended in an effort to show that injury sustained 
by an organ could be unmasked after recovery from acute radiation ill- 
ness. The radiation-exposure patterns in these experiments were designed 
to repeat those reported before (1) and to subject the animals to a max- 
imal total dose with minimal deaths. The rats were placed on the 
experimental diet in such a way as to begin superposing the stress of 
the low-protein diet on animals before exposure, during exposure, during 
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recovery, and after apparent recovery was complete. Furthermore, the 
additional vitamin supplementation of one group was intended to preclude 
the possibility of deficiencies of lipotropic factors. 

Attempts to repeat the results, previously presented (1), in the exper- 
iments reported here were obviously unsuccessful. The results reported 
earlier (1) showed cirrhosis in 53 percent of irradiated survivors with no 
cirrhosis in controls. Utilizing a 6-percent casein diet with the same or 
greater total exposure, the rats in the experiments reported here devel- 
oped the lesions regardless of radiation exposure, and this suggests that 
the lesions are of dietary origin. The latter conclusion seems to be sup- 
ported by experiments reported by others (5, 6) who have shown that 
a diet similar to the one used by White (1), and in the present report, 
but containing 8 percent instead of 6 percent casein, caused cirrhosis of 
the liver in rats in 150 days. Cystine in 5-mg. quantities per day aggra- 
vated the condition. In the diet used here and previously (1), the level 
of cystine was such that 10 gm. of food per day provided 50 mg. of cystine. 

Although the diet composition used here was the same as that reported 
by White (1), it is very doubtful that the dietary ingredients were all 
procured from the same source. Crude casein is the one ingredient in 
the diet that might tend to vary a great deal, from several sources, due 
to its variability in quantity of total nitrogen, from one lot to another. 
This variability could cause discrepancies among reports from different 
laboratories and would seem especially possible when one is working with 
diets containing no more than 6 percent casein. Although the strain of 
rats used here and previously (1) were nominally the same, isolation of 
substrains from the parental strain, for some time, could lead to differ- 


ences in cirrhotogenic tendencies due possibly to unconscious selective 
breeding. 
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Effect of lodine on Thyroid Tumors Induced 
in the Rat by a Low-lodine Diet ': ? 


H. ISLER,* Department of Anatomy, McGill University 
Montreal, Canada 


SUMMARY 


Neoplastic thyroid nodules were in- 
duced in rats by feeding them a low- 
iodine diet for 1 year. Then the rats 
were supplemented with iodine for 2, 4, 
8, 16, 32, and 64 days, respectively, and 
killed. Controls not receiving iodine 
were killed at the same intervals. The 
number and the volume of the thyroid 
nodules were estimated quantitatively. 
Iodine treatment produced a reappear- 
ance of thyroid hormone in the blood 
and brought the level of thyrotrophic 
hormone back to a normal range. It 
caused a regression in the size of the 
thyroid gland and a considerable in- 
crease in the number of “light cells.’ 
Two main types of nodules were ob- 
served; namely, type-8, formed of 
polarized cells having some resem- 
blance to the cells lining the lumen of 


the thyroid follicles and probably orig- 
inating from these cells, and type-y, a 
solid mass of unpolarized cells probably 
originating from the “light cells’’ of 
the thyroid. Except, perhaps, for the 
very small ones, most type-8 nodules 
persisted throughout the 2-month 
iodine treatment period, but they de- 
creased in size. Iodine strongly stimu- 
lated the formation of type-y nodules; 
after 2 months there were twice as 
many nodules in the iodine-treated 
group as in the controls. The forma- 
tion of the new nodules probably 
resulted from a progressive growth of 
the light cells accompanied by a pro- 
gressive disappearance of follicular 
cells.—J. Nat. Cancer Inst. 23: 675-693, 
1959. 


IT HAS been shown that prolonged feeding of a low-iodine diet to rats 
results in goitrous thyroid glands which contain neoplasms (1-3). What 
is the fate of these neoplasms when the iodine deficiency condition is 
discontinued? This problem was investigated by examining the thyroid 
glands of rats kept iodine deficient for 1 year and then given iodine for 
various lengths of time. 


MATERIALS AND METHODS 


Four hundred and eighteen female, 3-month-old Holtzman albino rats 
(descended from a Sprague-Dawley strain) weighing 250 gm., on the 
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average, were fed a diet consisting of 70 percent corn meal, 16 percent 
wheat gluten, 10 percent yeast, 2 percent extracted liver residue, 1 per- 
cent calcium carbonate, and 1 percent sodium chloride. The iodine 
content of this diet, estimated according to a modification of the Chaney 
method (4), ranged from 1.7 to 4.9 and averaged 2.9 ug. of iodine per 100 
gm. of diet, which is about one seventh of the critical level maintaining 
morphologically normal thyroid glands (5). The animals, which were 
kept in metal cages provided with wire-mesh floors (2 to 3 rats per cage), 
received the diet and distilled water for 364 days. At the end of this 
period, there were 234 rats weighing 364 gm., on the average. They were 
divided into two equal groups; both groups were kept on the same diet, 
but one of them was given a sodium iodide solution containing 2 xg. 
iodine per ml., as drinking water, while the control group was kept on 
distilled water. In each group, 10 to 12 rats were killed after 2, 4, 8, 16, 
and 32 days, and 40 to 46 rats after 64 days of iodine treatment. When 
they were killed, blood was taken from the abdominal aorta and pooled 
for iodine (total and protein-bound) as well as thyrotrophic hormone 
(TSH) estimation. Protein-bound and total iodine were measured in the 
plasma (citrated) according to a modification of the Barker dry-ashing 
method (6). TSH was measured by the method of Del Conte (7) which 
involves the isolation of the TSH-containing fraction of blood by precipita- 
tion with acetone, injection of this fraction into guinea pigs (5, per extract), 
and counting the number of intracytoplasmic colloid droplets in the 
thyroid gland. 

To determine the number and size of the thyroid neoplasms (hereafter 
referred to as nodules),the thyroid glands of all rats were fixed in Bouin’s 
fixative and sectioned serially (6 4). Every 50th section was stained with 
Masson’s light-green trichrome and examined under the microscope; 


4 


bug iodine per 100m! plasma 


64 DAS 


Text-FicurRE 1.—Effect of iodine treatment on protein-bound and total iodine levels 


in rats previously fed a low-iodine diet for 1 year. 
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thus the distance between two sections examined was 300 yu. The ap- 
proximate volume of each nodule (assumed to be an ellipsoid) was calcu- 
lated as previously (3) from the diameters in 3 dimensions. Two of the 
diameters were obtained from measurements made in each section and 
the third from the number of sections containing the nodule. 

The volume of the thyroid gland was determined by estimating the 
area occupied by thyroid tissue in the series of sections and multiplying 
this figure by 0.3 mm., that is, the distance between two sections. The 
area itself was estimated by cutting out the thyroid tissue areas from 
photographic prints of the slides, weighing them, and comparing them 
to the weight of a standard area of the same photographic paper. 

Statistical evaluation of percentage data was done according to the 
X? test (8). Best fit lines were calculated according to the least square 
criterion (9) and significance of their slope was tested by the t test (9). 


RESULTS 


The animals that had been on the low-iodine diet for 1 year or more 
had no, or barely measurable, organic and inorganic iodine in their blood 
(table 1). After 2 days of iodine treatment, the iodine level was high 
(9.4 ug./100 ml. plasma), yet no protein-bound iodine was detectable. A 
small amount of protein-bound iodine (1.2 yg./100 ml.) was found after 
4 days. This amount was increased to 5.5 wg. per 100 ml. at 8 days and 
remained at about 4 wg. per 100 ml. from 16 days on (table 1 and text-fig. 1). 


TaBLE 1.—Effect of iodine on blood iodine and thyrotrophic hormone in rats pre- 
viously fed a low-iodine diet for 1 year 


Blood iodine Blood TSH Thyroid 
Iodine Final body cytological volume 
treat- Num- weight Total PBI coefficient* (mm.*) 
ment Treat- ber of (gm.) Mean (yg./100 (yg./100 Mean Mean 
(days) ment rats + S.E. ml.) ml.) + S.E.T + S.E. 


Controls 11 374 
Iodine 10 370 


Controls 10 344 
Iodine 11 357 


Controls 10 373 
Iodine 10 363 


Controls 12 370 
Iodine 11 352 


Controls 10 366 
Iodine 11 361 


Controls 40 360 
Iodine 46 350 


30 
31 


29 
28 


30 
25 


29 
29 


32 
31 


11 


151 + 16 


159 20 
117 12 


132 14 
102 15 


175 18 
61 6 


153 20 
34 7 


191 
39 


no 


S29 Ro SO SE 


— 
SP SP PP 


Neo BAT Qa 


© 


WS YS pO CO 


14 
3 


*Number of colloid droplets per unit follicle diameter. 
tObtained in 4 to 5 guinea pigs. The italicized values (blood TSH and thyroid volume) are significantly dif- 
ferent from the respective controls. 
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The TSH level was high in the iodine-deficient animals (cytological 
coefficient, 20 to 31). In the iodine-treated rats this level decreased 
and showed the first significant drop after 8 days (0.01 <P <.0.02), a 
more drastic decrease during the 8 following days, and at the 16th day 
the cytological coefficient was only about 5 (table 1). This is close to the 
value of 3.9 obtained in uninjected guinea pigs, which corresponds to 
TSH level 0. Thus, iodine treatment produced a reappearance of 
thyroid hormone and a drastic diminution of TSH in the blood. 

Iodine treatment did not significantly change the body weight (table 1) 
and mortality (11.4% in control and 4.8% in iodine-treated rats), but 
reduced the size of the thyroid gland from about 150 mm.’ to about 35 
mm.* A slight but significant reduction was noted after 2 days, but the 
diminution occurred mostly during the 2d week of iodine treatment 
(table 1). 

Histological examination of the thyroid glands revealed the presence 
of numerous nodules. As in previous work (1-3), most of these nodules 
could be classified in two main categories, referred to as type-8 and type-y 
nodules, respectively. 


Effect of Iodine on the Diffuse Goitrous Tissue 


The thyroid glands of the rats kept iodine-deficient throughout the 
experiment were similar to those described earlier (1-3). Histologically, 
they had the characteristic appearance of simple goiter; that is, hyperemia, 


and almost no colloid and hypertrophic cells, referred to as type-a cells 
(fig. 2). 

After the rats had been given iodine for 2 days, the amount of colloid in 
the lumen was slightly increased and stained more intensely than in un- 
treated controls. Continuation of the iodine treatment resulted in a 
further increase in the amount of colloid and in a diminution of cell size. 
After 2 months, the round-shaped colloid masses were lined with flat 
cells containing a densely stained nucleus. The follicles were small (fig. 3) 
and most of them were filled with colloid, which stained green with 
Masson’s light-green trichrome method. Connective tissue was abundant. 
The “light cells” were numerous in most of the rats. It is recalled that 
in the normal thyroid gland of old rats, two types of epithelial cells are 
observed (1): (a) The simple epithelium-cell type, which is in contact 
with the colloid, may contain colloid droplets and displays the terminal 
bars at the line of junction of two neighboring cells, with the terminal web 
at their surface directed toward the lumen. (6) The so-called “light 
cells’’ (fig. 1), which are seen usually in small groups and which lie between 
the first cell type and the basement membrane; these cells are larger, with 
a larger nucleus and a lightly stained cytoplasm and do not contain 
colloid droplets or terminal bars. They are probably epithelial in nature 
(10) but their function is not known. Under normal conditions these 
cells are relatively few (fig. 1). After the period of iodine deficiency 
followed by iodine treatment, the light cells were much more numerous 
(fig. 4). This increase in light cells was apparent 8 days after iodine 
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supplement was started and became more evident at later intervals. In 
some areas in the gland they occupied as much space as or more than 
the simple epithelial-cell type. The latter often showed pyknotic nuclei 
packed against each other and not well oriented, and very little cytoplasm. 


Effect of Iodine on Type-8 Nodules 


Effect on morphology.—The type-8 nodules in the thyroid gland of the 
iodine-deficient rats were the same as described previously (1-3). They 
consisted usually of a simple epithelium in contact with a lumen and 
a basement membrane. The cells were narrow and the nuclei closely 
packed side by side. The amount of cytoplasm was less than in type-a 
cells, but in some of the nodules the cells were fairly high (fig. 5), and in 
others they were very low (fig. 6). 

In the course of iodine treatment, the volume of type-8 cells decreased 
in the same way as that of type-a cells, so that after 1 to 2 months, only 
a little cytoplasm was present in all type-8 nodules (fig. 7). 

Effect on incidence and number.—The number of rats with type-8 nodules 
was not changed significantly by iodine treatment (table 2). In both 


TaBLe 2.—Effect of iodine on type-8 nodules 


Rats with type-6 
Number of type-8 nodules 


nodules per rat 


Iodine 


treatment Number 


(days) 


Treatment 


of rats 


Mean + S.E. 


Number 


Percent 


Controls 
Iodine 


Controls 
Iodine 


Controls 
Iodine 


Controls 
Iodine 


Controls 
Todine 


Controls 


11 
10 


10 
11 


10 
10 


12 
11 


10 
10 


40 


eS S& 


Se 


ss 


or OOH ON 


82 
60 


20 
55 


8s 
S& 
wow 
aon 


Iodine 46 
_ “Significantly different from control. 


control and iodine-treated groups, the regression lines (% rats with 
nodules vs. log time) were almost identical and indicated an increase from 
about 57 percent at 2 days to 87 percent at 64 days. This increase with 
time was significant (regression coefficient: 0.02 < P<.0.05) in the iodine- 
treated group; in controls, only the increase in incidence observed during 
the last month was significant. 

The average number of type-8 nodules was about the same in iodine- 
treated as in control rats, during the first month—perhaps slightly 
lower in the iodine-supplemented group. In the rats not supplemented 
with iodine, the nodules sharply increased in number during the last 
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month, while in the iodine-treated group they did not. 
prevented this increase (text-fig. 2). 

Effect on size.—Since the nodules ranged from 0.001 to 100 mm.*, the 
average volume would not have been a reliable assessment of their size, 
Thus type-8 nodules were divided into two-size classes, namely, those 
larger and those smaller than 0.1 mm.* For each class, the number of 
nodules was plotted versus the logarithm of time and the best fit line 
was calculated (text-fig. 3). 

After 2 days of treatment with iodine, the number of nodules smaller 
than 0.1 mm.° was only one fourth that in controls (0.05< P<0.1), 
while the number of nodules larger than this size was not changed (text- 
fig. 3). When iodine treatment was prolonged, more small nodules and 


Thus, iodine 


TYPE NODULES 


} NUMBER OF NODULES PER RAT 


Text-FicurRE 2.—Effect of iodine on the number of type-8 thyroid nodules. Iodine 
treatment was started at time 0 and lasted 2 to 64 days. Iodine prevented the 
increase in nodules which occurred in controls between 32 and 64 days. 


fewer large ones were present. Since the total number of nodules remained 
the same (text-fig. 2), this indicates that the large nodules decreased in 
size. Thus, iodine treatment produced a progressive decrease in size 
of the large nodules and possibly the disappearance of small type- 
nodules during the first few days. 

At 64 days, the rats were more numerous and the number of nodules 
was large enough to allow their distribution into 5-size classes. This 
more detailed size distribution showed that, after 2 months, the large 
nodules were much fewer in the iodine-supplemented rats, while the small 
nodules were present in about the same number as in controls (text-fig. 4). 
This observation is consistent with the conclusion that iodine produced 
a regression in the size of type-8 nodules. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


é 
4 
CONTROLS fe) 
- 
me 
oF 0 2 “a 8 16 32 64 DAYS 
{ 


THYROID-TUMOR EVOLUTION IN RESTING THYROID 


TYPE - i NODULES 
of NUMBER OF NODULES PER RAT 


nodules larger than O.lmm3 
nodules smaller than O.imm3 


CONTROLS 


64 DAYS 


Text-ricuRE 3.—Effect of iodine on the size of type-8 thyroid nodules. Iodine 
treatment was started at time 0 and lasted 2 to 64 days. The nodules are divided 
into two-size classes, namely, those smaller and those larger than 0.1 mm! At 
2 days the small nodules were much fewer in iodine-treated rats than in controls, 
Between 2 and 64 days, iodine produced an increase in small nodules and a decrease 
in large nodules. The straight lines are the best fit lines according to the least- 
square criterion. They were computed from the 2- to 32-day figures only, since 
later the trend changes in controls (text-fig. 2). P for regression coefficients: 
controls, large nodules >0.9; controls, small nodules 0.001 to 0.01; iodine, large 
nodules 0.05 to 0.1; iodine, small nodules 0.02 to 0.05. 


Effect of Iodine on Type-y Nodules 


Effect on morphology.—The type-y nodules in iodine-deficient animals 
consisted of solid masses of unpolarized cells containing occasional 
isolated follicles (fig. 8) as described previously (1-3). In iodine-treated 
rats, type~y nodules showed no apparent cytological differences, but 
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TYPE -/3 NODULES 


) NUMBER OF NODULES PER RAT 


0001 OO 10 10mm? 0.001 OO O1 | 
CONTROLS IODINE 


TEext-FicuRE 4.—Effect of iodine on the size distribution of type-8 nodules in the animals 
killed after 64 days of iodine treatment. The height of a block indicates the number, 
per rat, of nodules falling into a given size range, which is indicated in mm.’ on the 
abscissa. While the number of small nodules (white blocks) was about the same 
in both groups, the large nodules (black blocks) were much fewer in the iodine- 
treated rats. 


TYPE NODULES 


CONTROLS 


° 8 16 32 64° DAYS 


Text-ricure 5.—Effect of iodine on the number of type-y thyroid nodules. Iodine 
treatment was started at time 0 and lasted 2 to 64 days. Iodine produced a con- 
siderable increase in the number of nodules. 
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TaBLeE 3.—Effect of iodine on type-y nodules 


Rats with type-y 
Iodine Number of type-y nodules 
treatment Number nodules per rat 
(days) Treatment of rats Mean + S.E. Number Percent 
Controls ll 45 
Iodine 10 50 


60 
82 


50 
100 


50 
91 


60 
70 


75 
100 


OD 


Controls 10 
Iodine 11 


Controls 10 
Iodine 10 


Controls 12 
Iodine 1l 


Controls 10 
Iodine 10 


Controls 40 
Iodine 46 


*Significantly different from control. 


ss 
NO Of OM 


929 SS © 


org 


isolated follicles or follicle remnants were more frequent and more numer- 
ous (fig. 9). 

Effect on incidence and number.—The proportion of rats with type-y 
nodules increased with time in iodine-treated rats and in controls, although 
somewhat faster in the former than in the latter. Thus, at 16 and 64 days, 
the proportion of animals with nodules was significantly larger in the 
iodine-treated group than in controls (table 3). 

The average number of type-y nodules per rat increased considerably 
with time in iodine-treated rats, while in controls it rose only slightly 
and at 64 days there were twice as many nodules in the iodine-treated 
group as in controls (text-fig. 5) (P<0.001). 

Thus, iodine treatment increased the incidence and the number of 
type~y nodules. 

Effect on size-—When type-y nodules were divided into 2-size classes, 
namely, those smaller and those larger than 0.1 mm.’, it became apparent 
that iodine treatment had stimulated the production of the small nodules 
only, while the rate of increase in the large ones was the same as in the 
controls (text-fig. 6). After 2 months there were about 3 times as many 
small nodules in the iodine-treated group as in the controls. The same 
observation was made when the nodules of the animals killed at 64 days 
were distributed into 5-size classes (text-fig. 7). 

Thus, iodine stimulated the production of type-y nodules, and these 
newly formed nodules were small. 


DISCUSSION 


Type-B8 nodules.—There is strong evidence that the production of type-8 
thyroid nodules by the low-iodine diet is due to prolonged thyrotrophic 
stimulation: (1) The rats on the low-iodine diet had a high level of cir- 
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2 4 8 e 32 64 DAYS 

TEXT-FIGURE 6.—Effect of iodine on the size of type-y thyroid nodules. Iodine 
treatment was started at time 0 and lasted 2 to 64 days. The nodules are divided 
into 2-size classes, namely, those smaller and those larger than 0.1 mm. The 
number of small nodules was considerably increased by iodine, while the number of 
large nodules was little changed. The straight lines are the best fit lines according 
to the least square criterion. P for regression coefficients: controls, small nodules 
0.4; controls, large nodules 0.1 to 0.2; iodine, small nodules 0.001 to 0.01; iodine, 
large nodules 0.5. 


culating thyrotrophic hormone. (2) Type-8 nodules have been observed 
in the thyroid of animals treated with thiourea-like compounds (11-16), 
which are known to produce also a high level of thyrotrophic hormone 
(16). (3) Type-8 nodules are not produced by the low-iodine diet if 
the rats are supplemented with iodine (3). 

Since a high and sustained level of thyrotrophic hormone is apparently 
required for the onset of type-8 nodules, the question arose as to whether 
this condition is or is not required for their maintenance and growth. 
The present investigation was designed to examine the fate of these nodules 
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when thyrotrophic hormone is brought back to a normal level. Todine 
administration was expected to lower the thyrotrophic hormone level, 
and, in fact, it did. After 2 days of iodine treatment, the “cytological 
coefficient” had dropped from 20 to 15. Since this coefficient varies 
linearly with the logarithm of the dose of hormone (7), this is in fact a 
50 percent decrease in the actual hormone level in blood. Although this 
level was still high, it was possibly not high enough to maintain small 
nodules, since most of these had disappeared after 2 days. Although 
this observation lacks the necessary statistical significance for drawing a 
definite conclusion, it suggests that the early phase of type-8 nodule 
formation may require a very high level of thyrotrophic hormone, and 
may be reversible; that is, the nodule may be made to disappear. 

When iodine treatment was extended, the level of thyrotrophic hormone 
in blood decreased further, and by 16 days was brought back to the normal 
range. Nevertheless, no disappearance of tvpe-8 nodules was observed 
during the period extending from 2 to 64 days; the nodules only diminished 
in size. The persistence and regression of the nodules confirm a similar 
observation made in a preliminary experiment (2). While it is possible 
that some nodules might disappear if iodine treatment were carried out 
for longer periods, it is unlikely that all would do so, in view of the large 
size maintained by some after 2 months’ iodine administration. Thus, it 


TYPE NODULES 


NUMBER OF NODULES PER RAT 


OO OF 10 0.001 O01 
CONTROLS IODINE 


Text-FiGurRE 7.— Effect of iodine on the size distribution of type-y nodules in the 
animals killed after 64 days of iodine treatment. The height of the blocks indicates 
the number, per rat, of nodules falling into a given size range, which is indicated in 
mm. on the abscissa. The number of small nodules (black blocks) was considerably 
increased, while that of the large nodules (white blocks) was little changed by iodine. 
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seems that after a possible early reversible phase of nodule formation, 
there is another phase characterized by the fact that the nodules do not 
depend on a high level of thyrotrophic hormone for their persistence, 
although they do depend on the hormone for growing or merely maintain- 
ing their size. 

Furth and his collaborators have shown that in the course of successive 
transplantation of pituitary tumors the transplants go through two 
phases (17). At first, for a certain number of transplantation generations, 
the transplants depend on a low level of thyroid hormone, in the host, to 
take. During this so-called “conditioned or dependent” phase, thyroid 
hormone administration prevents the take of the transplant; however, if 
the hormone is administered after the tumor has been allowed to grow, 
then it does not arrest but only restrains the tumor. When transplanta- 
tion is carried on further, the tumor transplant becomes eventually inde- 
pendent; that is, it takes, no matter how high the thyroid horomone level 
in the host. 

The concept of tumor dependeney and autonomy is derived from trans- 
plantation experiments and therefore cannot be applied to primary tumors 
without modifying the criteria of dependency. But in the primary type-8 
tumors induced in the thyroid gland by iodine deficiency, the situation 
may also involve more than one phase. It is possible that during an early 
phase the nodules are highly dependent on thyrotrophie hormone for 
their persistence, while later they no longer depend on this hormone for 
persistence but only for growth. This situation compares well with the 
“conditioned” phase described by Furth (17). 

No evidence was found for the presence of fully autonomous type-8 
nodules, that is, nodules which did not depend on a high level of thyro- 
trophic hormone for their maintenance and growth. On the contrary, 
the diminution in cell size as well as the rare mitoses observed in type-8 
nodules, even in the largest, indicates that probably all nodules responded 
to some degree to iodine treatment. 

Ty pe-y nodules. Type-y nodules are found in old nongoitrous rats (13), 
but their incidence is higher in the goiters induced by iodine deficiency (3). 
Thus a high level of thyrotrophic hormone is apparently not required for 
this nodule to develop in the thyroid, and the role of this hormone in the 
production of type-y nodules by the low-iodine diet is not clear. 

The present experiment shows that the decrease in blood thyrotrophie 
hormone to a normal level was not accompanied by a regression of type-y 
nodules, but, on the contrary, by a marked increase in their number. It 
is unlikely that this enhanced development of nodules was a result of the 
low level of thyretrophic hormone. It is also unlikely that it was due 
to a general growth enhancement of the thyroid gland by the higher level 
of thyroid hormone (78), since the size of the gland and of the cells lining 
the follicles regressed with iodine treatment. 

It is probable that the higher incidence of type-y nodules is related to 
the large number of light cells in the glands of the iodine-treated rats. 
There is a great similarity between type-y cells and light cells. They 
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are both lacking the characteristics of the simple epithelial cells (polarity, 
terminal bars, and contact with basement membrane and with the 
lumen of the follicle), as weil as the intracytoplasmic colloid droplets. 
‘ile in some type-y nodules the cells differ from light cells by the amount 
cytoplasm, the shape, size, and stainability of nucleus, as well as the 
| her mitotic activity, in other nodules the cells are so similar to light 
is that no clear-cut cytological difference was found. Hence the con- 
sion that type-y cells probably originate from light cells (7). 
Che increase in light cells observed in the present experiment has been 
firmed quantitatively; while in a normal rat the ratio of light cells to 
i aple epithelial-cell type amounts to a few percent in rats fed the low- 
ine diet for 8 months, and then given iodine for 15 days, there were 34 
i it cells per 100 epithelial cells (10). 
Chus, iodine produced a different effect on the 2 thyroid-cell types: It 
mulated the light cells and depressed the simple epithelial-cell type. 
Similarly, it stimulated type-y nodule formation and produced a regression 
o! type-8 nodules. It is likely that the increase in light cells and the 
stimulation of type-y nodule development were related to each other. 
™he presence in the thyroid gland of numerous structures intermediate 
vetween typical type-y nodules—and areas with unusually large numbers 
of light cells—suggests that the new nodules which appeared during iodine 
treatment may have resulted from a progressive growth of the light cells 
accompanied by a progressive disappearance of cells of the epithelial type. 
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PLate 44 


Normal thyroid tissue of rats with an adequate iodine intake (fig. 1), or fed a 
low-iodine diet for 12 months (fig. 2), or first submitted to the same treatment 


as in figure 2, and then supplemented with iodine for 2 months (figs. 3 and 4). 
Masson’s trichrome. > 570 


Ficure 1.—In rats fed an adequate amount of iodine the thyroid gland contain 
large follicles filled with colloid (C). Two types of cells are observed: follicular 
cells with dark nucleus and well-stained e¢ytoplasm, and light cells with large vacu- 
olated nucleus and pale cytoplasm (L). 


Figure 2.—In iodine-deficient rats, the amount of colloid (C) is scanty, and the 
cells are hypertrophied. Light cells are usually not distinguishable. 


Figures 3 anp 4.—In rats fed the low-iodine diet for 1 year, and then supplemented 
with iodine for 2 months, the thyroid gland contains small follicles filled with colloid 
(C) (fig. 3). In some areas of the gland, light cells (LL) are abundant (fig. 4). 
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Puate 45 


Type-8 nodules in thyroid glands of iodine-deficient rats (figs. 5 and 6) or of ra‘ s 
fed the low-iodine diet for 1 year, and then supplemented with iodine for 2 mont})s 
(fig. 7). Masson’s trichrome. 570 


Figures 5 anp 6.—Type-8 nodules are follicular structures that in iodine-deficie:| 


rats may be lined by high columnar epithelium (fig. 5) or cuboidal epithelium wit): 
scanty cytoplasm (fig. 6). 


Ficure 7.—In iodine-treated rats all type-8 nodules are formed of cuboidal epithelium 
with scanty cytoplasm, 
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Plate 46 


Type-y nodules in thyroid glands of iodine-deficient rats (fig. 8) and in rats fe.) 
the low-iodine diet for 1 year, and then supplemented with iodine for 2 month - 
(fig. 9). Masson’s trichrome. >< 570 


Figure 8.—Normal hyperplastic tissue at extreme right. The rest of the field i- 
occupied by a solid type-y nodule. In iodine-deficient rats these nodules contain 
occasional follicles (I) lined by follicular cells with darkly stained nucleus. 


Figure 9.-In rats supplemented with iodine, type-y nodules frequently contain 
numerous follicles displaying an irregular orientation of their cells (fF), and clumps 
of follicular cells (G). 
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Cytology of Rat Liver Cells During Starvation 
and Refeeding ' 


T. P. BHARADWAJ ? and ROBERT LOVE,’ Laboratory 
of Pathology, National Cancer Institute,‘ Bethesda, 


Maryland 


SUMMARY 


Seven forms of ribonucleoproteins 
(RNP), viz., the diffuse cytoplasmic 
(DCR), granular cytoplasmic (GCR), 
perichr al, chr al, and 
nucleolar RNP, and the parachromatin 
of the nucleoplasm and the nucleolus, 
were demonstrated in the liver cells of 
normal albino rats by the toluidine 
blue-molybdate (TBM) method of 
staining. The effects of starvation and 
refeeding were studied on these forms 
of RNP as well as on the morphology of 
mitochondria and the cytochemistry of 
deoxyribonucleic acid (DNA), lipides, 
glycogen, protein-bound alpha-amino, 
disulfide (SS), and sulfhydryl (SH) 
groups, and diphosphopyridine nucleo- 
tide (DPN) diaphorase activity. Star- 
vation caused a reduction in the size of 
the cell, a decrease in the size and an 
increase in the number of nucleoli, and 
swelling of the mitochondria, without 
alteration in the size of the nucleus. 


There was a decrease in DCR, GCR, and 


nuclear parachromatin, disappearance 
of nucleolar parachromatin, and little 
or no alteration in perichromosomal, 
chromosomal, and nucleolar RNP. 
Little change in the distribution of 
DNA was observed. During starvation 
a decrease was followed by an increase 
in glycogen; the amount of stainable 
lipide increased and ceroid appeared; 
the distribution of various protein- 
bound groups was identical with that of 
the DCR, but there was no diminution 
in intensity of staining. DPN dia- 
phorase activity diminished during 
starvation. After refeeding, nucleolar 
RNP, nucleolar parachromatin, DCR, 
and GCR were quickly restored; shortly 
afterwards, the nuclear parachromatin 
increased. Chromosomal and _peri- 
chromosomal RNP were unaltered. 
The morphological and metabolic sig- 
nificance of the changes is discussed.— 
J. Nat. Cancer Inst. 23: 695-715, 1959. 


RECENTLY A new staining procedure which differentiates deoxyribo- 
nucleoprotein (DNP) and 7 different forms of ribonucleoproteins (RNP) 


has been described (i). The method utilizes the fact that inactivation 
of protein-bound amino groups by formaldehyde and nitrous acid liberates 
increasing numbers of nucleic acid phosphoryl groups to bind the 
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eationic dye, toluidine blue. The rate at which the phosphoryl groups 
become available is not the same for each nucleoprotein. The amino 
groups of DNP are much more resistant than those of RNP, and different 
ribonucleoproteins also vary in susceptibility to inactivation. At a given 
point in the course of inactivation of amino groups, different complexes are 
formed between the phosphoryl] groups of various nucleoproteins and dye 
cations. Some of these nucleic acid-dye complexes react with polymolyb- 
dates to produce metachromasia. The production of a small amount of 
metachromatic color at sites of strong orthochromatic staining by toluidine 
blue has a hypochromic effect; larger amounts of the metachromatic 
complex eclipse orthochromatic staining and produce intense metachro- 
masia. Other types of bonding between nucleic acids and toluidine blue 
are unaffected by treatment with polymolybdates. Various nucleopro- 
teins can therefore be distinguished by their response to deamination and 
subsequent coloration by toluidine blue and polymolybdate. 
Undoubtedly, physical, chemical, and metabolic differences determine 
the response of nucleoproteins to deamination and coloration by toluidine 
blue and molybdate. A certain surface charge density and steric con- 
figuration of the molecule is necessary to permit the incorporation of 
water of dimerization to produce metachromasia (/, 2). The mechanism 
of the toluidine blue-molybdate stain cannot be investigated in the test 
tube where nucleic acids are denatured, sterically altered, and isolated 
from their normal environment in the cell. Differences in nucleoproteins 
that are demonstrated by the toluidine blue-molybdate’ (TBM) method 
cannot be directly correlated with those that have been revealed by 
physical and chemical studies of isolated cell fractions. 1t should be 
possible, however, to obtain this knowledge indirectly by comparing 
alterations in the nucleoproteins shown by the TBM method with those 
demonstrated by other techniques. For this reason the nucleoproteins 
of the rat liver have been demonstrated by the TBM method, during 
starvation and refeeding, and an attempt has been made to correlate 
the results with those obtained by other means (8-1/3). A more limited 
study has also been included of various cell components, such as glycogen 


and mitochondria, which may influence the formation (9) or distribution 
of nucleoproteins (14-16). 


MATERIAL AND METHODS 


Starvation and refeeding.—Sixty-three female Osborne-Mendel rats, 
approximately 7 weeks old, were used. Except during starvation, the 
animals were maintained on Purina chow and water ad libitum. The rats 
were housed individually in separate cages. Early experiments revealed 
that cytoplasmic RMP still persisted in significant amounts after 7 days 
of starvation, and even at 1 hour after refeeding, recognizable changes in 
quantity and distribution of RNP had already taken place. In subsequent 
experiments, therefore, an attempt was made to starve animals for still 
longer periods and to concentrate on earlier phases of refeeding. The 
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TaBLE 1.—Time of death of rats 
during starvation and refeeding 


Number of 
Duration of fast rats killed 


0 (normal) 6 
24 hours 4 
48 hours 

96 hours 

7 days 

9 days 


Time of death after refeeding* 


hourt 
%4 hour 
1 hour 
1% hours 
2 hours 
3 hours 
4 hours 
6 hours 
24 hours 
48 hours 
4 days 

7 days 


Total 


* Actual time after rats were seen to eat food. 

tAll refed rats except one in the }4-hour group 
had been starved for 7 days; this rat was 
starved for 9 days. The animals were weighed 
before death and their general condition noted. 
The rats were killed between 9 and 10 a.m. by 
a blow on the back of the neck. 


experiments were repeated on 4 occasions. Eighteen animals died on 

the 8th day of starvation. The 45 rats were studied as shown in table 1. 
Cytological studies.—Small blocks were taken from the left lateral lobe 

of the liver and prepared for cytological studies, as indicated in table 2. 


RESULTS 


Condition of the Animals 


The mean weight of the animals decreased from 140 + 2.1 gm. at the 
beginning of the experiment to 100 + 6.9 gm. and 80 gm. after starva- 
tion for 7 and 9 days, respectively. The animals were weak, sometimes 
apathetic, or even moribund. There was, however, appreciable variation 
in general condition; some, though weak, were more active than others. 


Morphological Changes 


Cytoplasm, nuclei, and nucleoli.—The liver cells became smaller during 
starvation, but the nuclear size was not significantly altered. The nucle- 
oli decreased in size and became more numerous during fasting, but 
became larger and less numerous on refeeding. 

Mitochondria.—In the normal liver, the mitochondria were fine and 
rod-shaped in the center of the lobule, and small, round, and granular 
at the periphery (fig. 1). During fasting, the mitochondria became pro- 
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gressively plumper, larger, and rounded or oval. After 9 days, the whole 
cytoplasm appeared to be almost completely filled with enormously 
swollen, round mitochondria (fig. 2). As early as 1 hour after refeeding, 
elongation of mitochondria could be detected and, later, the normal 
morphology was gradually regained. The normal structure was attained 
within 2 days after refeeding. 


Cytochemical Changes 


Nucleoproteins—Nucleoproteins were demonstrated by the toluidine 
blue, the TBM method, and by the Feulgen reaction. The specificity 
of the stains for RNP and DNA was checked by observing the effect of 
RNase digestion and extraction by trichloroacetic acid. The intensity 
of staining by the TBM method is not related to the amount of nucleic 
acids present in the cell. Assessment of the intensity of staining by 
toluidine blue alone at pH 3 after deamination in nitrous acid provided 
some indication of the amount of nucleic acid in the cell. 

The various types of RNP of the normal liver and their staining reac- 
tions by the TBM method are summarized in table 3. The granular 
cytoplasmic RNP (GCR) was distinguished from the diffuse cytoplasmic 
form (DCR) not only by its granular distribution but by its different 
response to agents that inactivate amino groups. The granular form 
reached its maximal intensity in stage II of fixation; with deamination, 
it often faded completely before the metachromasia of the DCR became 
apparent. Furthermore, in dividing cells, the granular form disappeared 
during mitosis while the diffuse RNP was unaltered (26). In normal 
livers the DCR was present in coarse clumps or in a diffuse form (fig. 3). 
‘The aggregates of DCR were bigger in the central zone of the lobule 
than in the peripheral zone. The GCR consisted of aggregations of abund- 
ant, compactly arranged granules (fig. 4). The chromatin was surrounded 
by perichromosomal RNP which had the same staining reactions as the 
GCR. The intensity of staining of the chromatin in stage III prepara- 
tions was reduced by pretreatment with RNase. The RNP component 
of the chromatin that was removed by the enzyme has been designated 
chromosomal RNP (table 3). The RNP of the nuclear parachromatin 
(nucleoplasm) was present in moderate amount and was disposed in a 
granular pattern. Minute metachromatic granules of RNP were observed 
in the green nucleolus in stage I of staining (fig. 5). Because of their 
similarity in staining to parachromatin, these have been called nucleolar 
parachromatin (27). 

During starvation, even from the 1st day onward, the coarse aggregates 
of DCR became more homogeneously distributed (fig. 6) (table 4). On 
the 7th day, DCR still stained considerably, though somewhat less 
intensely than normal. On the 9th day of starvation, however, the DCR 
stained very weakly. In stage III preparations, the DCR was spread 
around pale, spherical structures, which, in Regaud’s preparation, were 
shown to be mitochondria (fig. 7). The DCR diminished during starva- 
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tion. After 7 days of starvation, the fine, numerous, closely packed 
granules of normal livers were replaced by fewer, coarser, and more widely 
separated granules (fig. 8). At 9 days, the granules had almost entirely 
disappeared, and the few that were left were very fine (fig. 9). The 
perichromosomal and chromosomal RNP did not show any change. The 
parachromatin was diminished and the nucleolar parachromatin disap- 
peared on starvation. This was not just due to an alteration in the 
amount of inactivation of amino groups required to stain parachromatin, 
since a wide range of fixation times still failed to reveal as much para- 
chromatin as in the normal liver cell. Nucleoli still stained intensely. 
The changes were earlier and more marked at the periphery that at the 
center of the lobules. 

As early as one-half hour after refeeding, changes were detected (table 4, 
early refeeding). The GCR formed clumps that quickly resumed their 
normal proportions. In a few cells it was possible to see the strands of 
granules of GCR stretching between nuclear membranes and the cyto- 
plasm (fig. 10). However, a significant number of GCR granules was 
present in the middle and peripheral portions of the cytoplasm as well. 
The perichromosomal and chromosomal RNP did not show any appre- 
ciable change. The nucleolar parachromatin quickly reformed and was 
even more prominent in early stages of refeeding than in the normal cell 
(table 4, early refeeding). The intensity of staining of nucleolar para- 
chromatin later diminished to normal at 7 days. The nuclear parachro- 
matin increased in amount at a stage later than the nucleolar 
parachromatin (table 4, late refeeding). One-half to 4 hours after 
refeeding, nucleoli and cytoplasm were well stained with toluidine blue 
after deamination, occasionally even more intensely than in the normal 
cell. The reconstitution of RNP was evident earlier in the center of the 
lobule and was complete 7 days after refeeding. 

DNA.—Apart from the modification of pattern caused by the larger 
number of smaller nucleoli in starved animals, no other significant change 
throughout the experiments could be detected in the amount or distribu- 
tion of Feulgen-positive material. No change could be found in the 
nucleolar-associated chromatin at any stage (figs. 11 and 12). 

Protein-bound SH and SS groups and amino groups.—Chromatin, 
nucleoli, and cytoplasm were stained positively. The staining by Ben- 
nett’s reagent could be blocked by pretreatment with saturated mercuric 
chloride, which indicated that the color reaction was specific for SS and 
SH groups. In the cytoplasm, the site of positive reaction for SS and 
SH groups, ninhydrin-Schiff, and DNFB reactions closely corresponded 
with that of the DCR (fig. 13). The GCR was not distinguishable by 
these techniques. The clumped appearance of the cytoplasm of the 
normal liver cell was replaced by diffuse staining after starvation, but the 
intensity of staining was little affected (fig. 14). After refeeding, the 
pattern of distribution was restored to normal, almost at the same time 
as that of RNP. 


Lipides—The amount of sudanophilic material in the liver cells in- 
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creased during starvation. As noted later, PAS-positive, diastase- 
resistant material which could be extracted with methanol-chloroform 
(perhaps representing Golgi lipide) increased in amount on starvation. 
In unstained paraffin sections of the livers of 2 animals that survived 
until the 9th day of starvation and in 5 that were starved for 7 days and 
were in poor general condition, the cytoplasm contained minute, pale- 
brown, refractile granules (fig. 15). The granules showed characteristic 
fluorescence of ceroid in ultraviolet light, and were sudanophilic and 
PAS-positive; they gave a negative Schmorl reaction and were only 
weakly acid fast. The properties of this pigment therefore conform to 
those of ceroid (19). The sudanophilia of the mitochondria was greatly 
increased during starvation, which suggested that mitochondrial lipides 
might have been unmasked by starvation. 

Glycogen.—In normal animals, diastase-sensitive, PAS-positive mate- 
rial was present as cytoplasmic clumps in material fixed in Bouin’s fluid. 
It was more diffusely distributed in frozen-dried material. The amount 
of demonstrable glycogen decreased after 24 hours of starvation. The 
intensity of staining increased from 48 hours onward and, at 7 days of 
starvation, glycogen was very strongly stained (fig. 16). The amount of 
glycogen demonstrated by the PAS method increased further after 
refeeding. The distribution in fixed and frozen-dried material was not 
directly related to that of RNP. Glycogen could be demonstrated in 
places where RNP was present as well as in areas where RNP was absent 
(figs. 17 and 18). 

Diastase-resistant PAS-positive material—An extremely small amount 
of diastase-resistant PAS-positive material was present in normal livers. 
The intensity of staining of this component was reduced but not com- 
pletely abolished by extraction of lipides by chloroform-methanol. Thus 
a part of this diastase, insensitive PAS-positive material was lipide and 
could not be ceroid, since it differed in distribution. Ceroid was more 
diffusely distributed in the cell; this material was more circumscribed, 
probably in the area corresponding to the Golgi region. Chemically this 
substance could comprise phospholipide, glycolipide, and/or glycoprotein. 
The intensity of staining of this area by protein stains was not distin- 
guishable from that of the rest of the cytoplasm. 

The PAS-positive protein (and/or lipide) in the Golgi zone increased 
progressively during starvation and decreased slowly during refeeding. 

DPN-diaphorase.—As a supplement to the morphological study of 
mitochondria, the DPN-diaphorase activity was studied as an index of the 
physiological activity of mitochondria. In normal livers there was a 
more marked reduction of Nitro-BT in the central zone in comparison 
with the periphery of the lobule (fig. 19). During starvation, the general 
intensity of Nitro-BT reduction diminished, though less so in the center 
of the lobules (fig. 20). On refeeding, even after 1 hour, the diaphorase 
activity increased. This was more marked in the center of the lobules. 

Whereas the changes observed during starvation and refeeding were 
generally as described, there were appreciable individual differences in 
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animals in the same stages of the experiment. Thus, after 7 days of 
starvation, RNP was only slightly altered in some animals, while in 
others the changes were very conspicuous. 


DISCUSSION 


The functional significance of the results of the present study may be 
better understood by relating these observations to those derived by other 
techniques. The range of biological variation under normal and abnormal 
conditions should be clearly appreciated. In some studies, this varia- 
bility has been emphasized (9) or dealt with by using a large number of 
animals, with statistical analysis of the data (3). In the present study, 
marked variations were found in the cytological appearance at each stage 
of the experiment. There are known to be histochemical variations in 
different parts of the liver itself (28, 29). These factors must be taken 
into consideration in the interpretation of electron-microscope studies 
in which small pieces of tissues derived from a small number of animals 
have been examined. 

The present observations confirm the reduction in size of liver cells and 
nucleoli during starvation, described by others (3, 8). The nuclear size, 
which has been said to be decreased (7), increased (11), or unaffected (5), 
was found unchanged in the experiments reported here. Differences in 
strain, age, sex, and antecedent diet of the animals in these studies may be 
responsible for the variable results. In agreement with the studies of 
Lagerstadt (3), more nucleoli per nucleus were found after starvation; 
on the other hand, no difference in the distribution of nucleoli within the 
nucleus could be noted (30). 

Elucidation of the metabolism of RNP has been hindered by the lack 
of specificity of the staining procedures (31) or by the poor correlation 
between the content of RNP and basophilia (32) or the intensity of 
ultraviolet absorption by tissues (33-35). The TBM method used in 
the present study is also not strictly quantitative, but toluidine-blue 
staining at low pH after overnight deamination of tissues gives a rough 
idea of the content of ribonucleic acid. By this procedure the majority 
of RNP phosphoryl groups are made available for binding with the dye, 
since competition between the dye and the protein-bound amino groups 
is virtually eliminated. The complete disappearance of RNP from the 
cytoplasm of liver cells, which has been inferred from the absence of 
cytoplasmic basophilia after starvation (3), has not been confirmed by 
biochemical (5, 7, 10), cytological (16), and electron-microscopic (6, 9, 36) 
studies, which indicate only a diminution of RNP. The study reported 
here is in conformity with the latter findings. Replacement of big clumps 
and granular aggregates by a homogeneously spread mass of RNP could 
be interpreted as disaggregation of the ergastoplasm, which is noted in 
electron micrographs (6). This state of diffuse dispersion would lead to 
a decrease in basophilia (6, 12, 37). 
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At present it is difficult to correlate the granular cytoplasmic and 
diffuse forms of RNP revealed by the TBM method with the cell fractions 
used in biochemical studies and the studies described by electron micro- 
scopists. The size of the cytoplasmic granules revealed by the TBM 
method is much greater than that of the sites of dye-binding, because 
staining is produced by the formation of a metachromatic dye-molybdate 
precipitate (1). The cytoplasmic granules, however, could not be Palade 
granules, which are only 100 to 150 A in diameter. It is equally difficult 
to correlate the diffuse cytoplasmic RNP either with the endoplasmic 
reticulum or with the supernatant or cell-sap fraction prepared by differ- 
ential centrifugation. The GCR does, however, change in distribution 
during starvation and appears to diminish in amount in the same manner 
as the ergastoplasm; this in turn links the granules well with the micro- 
somal fraction, which contains the elements of the endoplasmic reticulum 
and Palade granules (38). The diffusely stained RNP occupies the same 
general areas as the granular form, both in the normal liver cell and after 
starvation. On the basis of binding of toluidine blue after deamination, 
the RNP content of this component appears to diminish during starvation. 
It is possible, therefore, that the diffusely staining RNP may correspond 
to the cell sap (39) or “nonpellet--RNP” (13), which is also reduced 
during starvation. 

In the nucleus, RNP is present in the nucleolus, parachromatin (or 
nucleoplasm) and in and around the chromosomes (1,- 11, 12, 40). In 
the present study the chromosomal] and perichromosomal RNP were 
unaltered, while the amount of demonstrable parachromatin decreased 
during fasting. The simultaneous reappearance of the nucleolar para- 
chromatin and the cytoplasmic granular RNP before the reappearance 
of the rest of the nuclear parachromatin suggests that the GCR could 
not be directly derived from the parachromatin. The amount of nucleolar 
parachromatin is greater than normal immediately after refeeding and 
gradually decreases as the rest of the parachromatin is restored to normal. 
Some of the nuclear parachromatip may therefore be formed in the nucleo- 
lus. Although the perichromosomal RNP was unaltered throughout the 
experiment, occasional connections between this form and the regen- 
erating GCR were seen in the early stages of refeeding. This in itself 
does not prove the direct passage of RNP from the nucleus. The staining 
properties of the perichromosomal and the GCR are similar (/), and it 
is possible that rapid extrusion of RNP from the nucleus may contribute 
to the reconstitution of the GCR. The demonstration of nuclear pores 
(6, 41) provides a basis for nucleocytoplasmic interchange of nucleo- 
proteins, but biochemical differences between the nuclear and cytoplasmic 
RNP (42, 43) suggest that synthesis of all RNP by the nucleus is unlikely. 
Nucleolar and perichromosomal RNP, which did not change appreciably 
during starvation, may be very different metabolically from other forms. 

The prominence of nucleolar parachromatin in the early stages of 
refeeding, when both RNP and protein synthesis and not mere turnover 
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was taking place in the cell, is of interest. A similar increase in this 
material has been noted in the nucleoli of cells infected with Newcastle- 
disease virus (NDV), in which RNP of viral origin is being synthesized 
(44). The nucleolar parachromatin also disappears during prophase and 
is absent during metaphase and anaphase (26) when the RNP synthesis is 
greatly diminished (45). 

Liver DNA has been established as the least variable of the cellular 
characteristics (5). Contrary to previous observations (3, 4), no signifi- 
cant alteration in chromatin pattern was noted in the present study. 
It is felt that no special pattern of chromatin may be associated with 
different states of RNP metabolism in the liver during starvation and 
refeeding. 

The similarity between the distribution of the protein-bound groups 
revealed by the ninhydrin-Schiff, DNFB, and Bennett procedures and 
that of RNP in the cell suggests that these groups may be components 
of the protein fraction of the RNP. There is biochemical and electron- 
microscopic-cytochemical evidence (11) for the association of SH groups 
with RNP macromolecules. The protein-bound groups stained by 
ninhydrin-Schiff and DNFB were unaltered during the decrease in RNP. 
The known decrease in protein content of liver cell during starvation may 
therefore be largely the result of diminished cell size rather than decreased 
protein concentration. 

It has been claimed that glycogen will displace the RNP of the liver 
cell and thus determine distribution (46). In the present study, glycogen 
was clearly demonstrated in the same areas as the RNP, as well as in 
other parts of the cell. The results suggest that glycogen does not 
determine the distribution of RNP in the cell. Cell fractionation (47, 
48) and cytological (6) studies confirm these observations and indicate 
that glycogen is diffusely distributed in the cell. 

During starvation, RNP was distributed as a fine network surrounding 
the swollen forms of mitochondria. Since mitochondria are very rich in 
important energy-yielding enzymes, it is possible that these enzymes may 
participate directly or indirectly in cytoplasmic synthesis of RNP. 
However, the swollen mitochondria during starvation occupy almost all 
the cytoplasmic space, so that whatever RNP still persists must surrouad 
them for purely physical reasons. This close association may not, 
therefore, necessarily indicate any metabolic relationship, as has been 
suggested by Bernhard et al. (9). 

A decrease in enzymes (10, 49), which is followed by an increase of 
glycogen (5) and an increase of lipides (5) on starvation, has been noted 
by previous authors as well as in the present study. General cytoplasmic 
loss may account for enzyme loss (10, 49), and other little-known meta- 
bolic processes may account for changes ia glycogen and lipides. How- 
ever, these findings contribute only indirectly toward an understanding 
of the state of RNP metabolism in the liver. 
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PLATE 47 


Ficure 1.—Normal rat liver stained with Regaud’s chrome-iron-hematoxylin for 
mitochondria. Note that mitochondria are fine, rod-shaped, and granular. X 1,180 


Fiaure 2.—Section from liver of rat starved 9 days, stained with Regaud’s chrome- 
iron-hematoxylin for mitochondria. Mitochondria are swollen, round, and occupy 
most of the cytoplasmic space. X 1,180 


Fiaure 3.—Section from liver of normal rat stained by TBM method (Stage III). 
Note clumps as well as diffuse distribution of RNP (DCR). xX 1,180 


Ficure 4.—Section from liver of normal rat stained by TBM method (Stage II). 
Note metachromatic (dark) staining of RNP around chromosomes (perichromosomal 
RNP) and of cytoplasmic granules(GCR), which are compactly arranged in clumps. 
x 1,400 


Figure 5.—Section from liver of normal rat stained by TBM method (Stage I). 
Note faintly staining nuclear parachromatin and metachromatic nucleolar para- 
chromatin in the form of fine granules (arrow). X 1,180 


Figure 6.—Section from liver of rat starved 7 days, stained by TBM method (Stage 
III). Note absence of clumped forms of DCR. x 1,180 
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PLATE 48 


Fiaure 7.—-Section from liver of rat starved for 9 days, stained by TBM meth 
(Stage II1). Cytoplasm is very pale and DCR is arranged around pale, spheri: 
structures (mitochondria). (Cf. fig. 2.) > 1,180 


Ficure 8.—Seetion from liver of rat starved for 7 days, stained by TBM meth: 
(Stage I1). Granules in eytoplasm are fewer and more widely separated. Pe: 
chromosomal RNP stains intensely. > 1,180 


Figure 9.—Section from liver of rat starved for 9 days, stained by TBM method 
(Stage II). Granules (GCR) have almost entirely disappeared. Perichromosom: 
RNP stains intensely. > 1,180 


Figure 10.—Section from liver of rat, half an hour after refeeding, stained by TB\I 
method (Stage I1). Note trail of granules of GCR extending from nuclear mem- 
brane into cytoplasm (arrows). > 1,180 


Figure 11.-—Section of liver from normal rat stained by the Feulgen reaction. Arrow 
indicates nucleolar-associated chromatin. >< 1,180 


Ficure 12.—Section from liver of rat starved for 9 days, stained by the Feulgen 
reaction. No decrease in nucleolar-associated chromatin (arrows). >< 1,180 
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Figure 13.—Section from liver of normal rat stained for SS and SH groups. Dis: i- 
bution of stainable groups is similar to that of the DCR (fig. 3). & 1,180 


Figure 14.—Section from liver of rat starved for 7 days, stained for SS and sti 
groups. Note homogeneous distribution without much diminution in intensi\y 
of staining (cf. figs. 6 ard 13). 1,180 


Figure 15.—Unstained section from liver of rat starved for 9 days. Numerous 


fine granules of ceroid are distributed diffusely in cytoplasm. > 1,180 


Figure 16.—PAS-stained section from liver of rat starved for 7 days. Note large 
amount of stainable glycogen in the cell. * 1,180 
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PLATE 50 


Figure 17.—Frozen-dried section of rat liver stained by TBM method (Stage I] 
1,400 


Ficure 18.—Same section as figure 17, decolorized in 50 percent alcobol and restain< 
by periodic acid-Schiff. Nofe that RNP stains both in areas occupied by glycogen 
as well as in those unoccupied. > 1,400 


Ficure 19.—Section of liver from normal rat stained for DPN-diaphorase activity. 
Note that reduction of Nitro-BT is most intense in center of lobule (bottom). >< 1,180 


Ficure 20.—Section of liver from rat starved for 7 days, stained by I) PN-diaphorase 
activity. There is slight diminution in reduction of Nitro-BT. Activity of enzyme 
is little affected in center of lobule. > 1,180 
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Studies of Parotid-Tumor Agent in Cultures 
of Leukemic Tissues of Mice ' 


CLYDE J. DAWE, LLOYD W. LAW, and THELMA B. 
DUNN,? National Cancer Institute,’ Bethesda, Mary- 


land 


SUMMARY 


Attempts to detect a presumptive 
leukemia-inducing or leuk i 
erating agent in leukemic tissues of the 
mouse in short-term cultures have been 
unsuccessful, since no agent was found 
in a variety of leukemias, including 3 
from the induced passage A series of 
Gross. However, parotid-tumor agent 
(PTA) was isolated from 2 of the 3 
leukemias from the Gross series. One 
' of the positive lines subsequently con- 
verted to negative during serial trans- 
plantation. This added to the evidence 
that association of leukemias with 
PTA is largely coincidental. Contin- 
uous cultures (P388 D,) derived from a 
DBA/2 lymphoma initially gave no 
evidence of carrying PTA, but were 
susceptible to infection with PTA. Ten 
serial passages of PTA through P388 D, 
were completed without evident decline 
of tumor-inducing activity. Thymic 
epithelial tumors and a variety of other 
tumors and lesions associated only 


rarely with the agent before passage 
through P388 D, cultures were observed 
more frequently after such passage. 
The tumors associated with PTA form 
a_ histologically distinctive group. 
“Carrier”? cultures of P388 infected 
with PTA were maintained contin- 
uously for 9 months in high-serum 
medium. Continued presence of the 
agent was demonstrated by persistent 
tumor-inducing activity of these cul- 
tures. No completely resistant strain 
of mouse was found among 12 tested 
with PTA. Mice up to 14 days of age 
were found susceptible to induction of 
parotid tumors by PTA of high activity. 
Resistance of certain entire litters to 
PTA appeared to be correlated with 
maternal immunity. Tissue-culture 
preparations of PTA induced tumors in 
all litters and in nearly 100 percent of 
mice born of uninfected mothers.— 
Jj. Nat. Cancer Inst. 23: 717-797, 1959. 


IN A previous report Law, Dunn, and Boyle (1) gave detailed data on 
the occurrence and the histology of tumors of the parotid gland in 3 sub- 
strains and 2 F, crosses of C3H mice that received, shortly after birth, 
extracts and filtrates of leukemic tissues principally from AKR and C58 
mice. Their observations in general confirmed the original reports of 


1 Received for publication March 29, 1959. 

2 We are indebted to Drs. W. P. Rowe and I. Brodsky for the determinations of hemagglutinins and of hemag- 
glutination-inhibiting and complement-fixing antibodies used in this study. We are also grateful to Mr. Britton 
Smith for technical assistance in the animal work; to Mr. Willie D. Morgan for technical assistance in tissue 
culture; and to Mr. Gebhard Gsell for the photographs. 

+ National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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Gross (2) and Stewart (3, 4), which described the induction of salivary- 
gland tumors by cell-free extracts of leukemic tissue. Their procedures, 
however, did not produce an increase in leukemia such as Gross described 
(5,6). Dulaney (7), Woolley et al. (8), Latarjet et al. (9, 10), Rogel and 
Rudali (11), and Buffett e¢ al. (12) also have reported the induction of 
salivary-gland tumors by cell-free extracts of leukemic tissue. Besides 
salivary-gland tumor induction, evidence of leukemia-inducing or leu- 
kemia-accelerating effect of certain extracts has also been described by 
Stewart (3, 13), Woolley and Small (14), Dulaney et al. (15), Rudali et ai. 
(16), and Hays et al. (17), all of whom used tissues from AKR mice 
exposed to materials originating from Gross’s laboratory. 

Seeking a more effective method of demonstrating a presumptive leu- 
kemia-inducing or leukemia-accelerating agent, and attempting at the 
same time to establish continuous cultures of certain murine leukemias, 
we considered the possibility that a leukemogenic agent might be released 
in greater abundance or higher potency under the conditions of culture 
than by direct extraction of leukemic tissues. A rationale for this pro- 
cedure could be found in either a virus theory or a chemical theory, ¢.., 
concept of a nucleic acid influence, as to the nature of the presumptive 
agent. If the agent were a virus, it might be unmasked in short-term 
cultures, after the manner of adenovirus unmasking (18). If it were a 
nucleic acid or other chemical compound of less complexity than a com- 
plete virus, it might be released from the leukemic-tissue explants in the 
course of the cell death and breakdown that are prominent in early 
cultivation of many types of leukemia. 

As an exploratory procedure, therefore, the medium removed from 
cultures of leukemic tissues at feeding times was filtered and inoculated 
into newborn mice. It soon appeared that cultures of a lymphocytic 
leukemia from a C3H/BiGs mouse,‘ provided by Dr. Ludwik Gross, 
yielded an activity higher than that of direct tissue extracts of the same 
leukemia, so far as induction of salivary-gland tumors was concerned. 
After this observation, several leukemic and nonleukemic tissues from 
different mouse strains were similarly tested, and the results are described 
later. From none of the materials used was any significant amount of 
leukemia-inducing or leukemia-accelerating activity obtained. 

Among the materials tested was the continuous tissue-culture cell strain 
P388 D,, isolated from a lymphoid neoplasm of a DBA/2 mouse (19). 
Although no evidence was found for either a leukemia agent or parotid- 
tumor agent (PTA) in this continuous cell strain, Rabson and Legallais 
(20) demonstrated that P388 D, could propagate a strain of PTA isolated 
by us, as well as an apparently very similar strain (SE polyoma virus) 
described in mouse-embryo tissue cultures by Eddy, Stewart, and 
Berkeley (21). Another method for study of a possible relationship 
between leukemias of mice and PTA was thus made available. We 
include in this report our observations on the serial passage of agent in 


4 Our designation of the Gross subline of mice obtained from Bittner’s subline C3H{/Bi. Hereafter in the text 
this subline is designated as C3H/Gs. 
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P388 D, cultures, and the establishment of a “‘carrier” strain of P388 D, 
cells infected with PTA. 


MATERIALS AND METHODS 
I. Mice 


All mice reported here were from the inbred strains designated in the 
tables, or were F, hybrids of these strains as specified. They were bred 
in the colonies of one of us (L. W. L.) and were fed a diet of Derwood 
pellets with water ad libitum. 

The test animals received a single injection of test material, at less 
than 12 hours of age in most instances. Relatively few received injections 
at more than 24 hours, and those that received injections at more than 
48 hours of age are specifically indicated in the tables. Litters were kept 
intact, each housed in an individual cage with the mother, until weaned. 
They were examined daily until weaned, and twice a week thereafter, for 
the appearance of tumors or signs of illness. After weaning, an attempt 
was made to cage litters individually, but when more than 8 mice were 
weaned in a single litter, the litter was divided. Two or more litters were 
placed in the same cage when there were only 2 or 3 per litter, to have all 
cages contain 7 to 8 mice. Most animals were killed at 12 to 15 months 
of age if tumors did not appear. It had been observed in the early part 
of this work that few neoplasms of types related to the agent appeared in 
the age range of 9 to 15 months. 

For the most part, recipients of extracts or filtrates were mice of the 
C3Hf/BiLw ® substrain or of the hybrid combination (C3H XK AKR)F; 
obtained by matings of female C3Hf/Lw xX male AKR/Lw. These 2 
groups were the most responsive to inoculation of PTA. 

C3H/Bi_ strain —Our C3Hf/Bi mice were obtained directly from 
Dr. J. J. Bittner in 1955, and have been inbred brother X sister in this 
laboratory for 9 additional generations. The incidence and types of 
neoplasms found in untreated mice from this strain were determined by 
examining a sample of 63 pedigreed mice representing the F81 to F83 
generations, kept under observation until death. Fifteen neoplasms 
(24%) of reticular tissues appeared between the 11th and 18th months. 
Eight of these were lymphocytic neoplasms, 5 were type B reticulum-cell 
sarcomas, 1 a plasma-cell neoplasm, and 1 a type A reticulum-cell sar- 
coma, according to the classification of Dunn (22). In addition, the 
following neoplasms were found: 1 fibrosarcoma, 5 adrenal cortical ade- 
nomas, 1 adenoacanthoma of the mammary gland, 1 mesenchymal 
bone neoplasm, and 1 hemangioendothelioma. 

(C3H X AKR)F, hybrids—One hundred and forty-eight (C3H x 
AKR)F, mice were observed, throughout life, for neoplasms. Fifty-nine 
(40%) had reticular neoplasms, most of these of the lymphocytic type. 


‘Hereafter referred to as C3H{/Bi mice. 
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The average age at death from this group of neoplasms was 15.0 months 
the earliest one appearing at 6 months and the latest at 27 months. 
There were 33 neoplasms of mammary tissue among 79 females (42%), and 
6 uterine and 2 ovarian neoplasms and 14 hepatomas among 69 males, 
In addition, 2 fibrosarcomas, 3 lung adenomas, 2 adrenal cortical adenomas, 
and 3 neoplasms of the kidney were observed. The potential for de- 
veloping osteomas is great among females in this hybrid, especially in 
those beyond the age of 14 months. Incidences of 50 to 100 percent in 
different samples have been observed by Potter (23). 

AKRk/Lw strain.—The incidence of lymphocytic neoplasms, principally 
thymic in origin, for a sample of this substrain comprising inbred genera- 
tions F42 to F49 was 92 percent, with death from the disease occurring 
at an average age of 8.0 months. The mean age at death from leukemia 
among males was nearly 1 month later than among the female group. 


II. Tissue Sources 


(a) GLTC series.—The leukemia used to prepare the GLTC, cultures 
was obtained from Dr. Ludwik Gross in December, 1956. It arose in a 
C3Hf/Gs mouse in Gross’s experiment 3839 B. We received the leukemia 
in its original C3Hf/Gs host, and transplanted it to our C3Hf/Bi mice by 
intraperitoneal route. Explants for tissue culture were taken from the 
mesenteric lymph node of a mouse bearing the sixth transfer generation. 

Cultures designated GLTC, were prepared from the same transplanted 
leukemia as GLTC,, but explants were taken from the mesenteric node of 
a C3Hf/Bi mouse bearing the tenth transfer generation. 

Similarly, cultures designated GLTC; were prepared from the eleventh 
transfer generation of this neoplasm in a C3Hf/Bi mouse. 

This leukemia line was transferred serially in C3Hf/Bi mice up to the 
20th generation when for unknown reasons it failed to grow progressively 
and to kill. 

(b) L-10813.—This leukemia in a C3H/Gs host from Gross’s ‘‘Passage 
A” series was received from Dr. Gross (24). Cultures were prepared 
with explants from the mesenteric node of the submitted host by the 
same method used in GLTC,. This cell line was lost at the 31st transfer, 
again for unknown reasons. 

(c) L-12289.—This leukemia in the original C3Hf/Gs host was received 
from Dr. Gross and represented his “Passage A” series #12, experiment 
4194-d. Cultures were prepared with explants from the mesenteric node 
of the submitted animal, by the same method as with GLTC, and L-10813. 
At preparation of this manuscript, L-12289 has been transferred serially in 
C3Hf/Bi mice through 33 generations. Evidence will be presented later 
to indicate a loss of parotid-tumor-inducing activity from this serially 
transplanted lymphocytic neoplasm. 

(d) TT-427.—Explants for these short-term cultures were obtained 
from a thymic epithelial tumor that arose in a C3Hf/Bi mouse that had 
received a filtrate of GLTC; cultures shortly after birth. The donor 
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also had bilateral parotid tumors at autopsy. The culture technique was 
the same as with GLTC,. 

(ec) Additional neoplastic and non-neoplastic tissues tested by the 
short-term culture method are listed and identified in table 1. All were 
cultured by the same technique used for GLTC,. 


TasLE 1.—Tumors of parotid gland in mice receiving materials from short-term 
cultures of various neoplasms and normal tissues 


Number Number 
Donor of sur- with Latent 
strain of viving parotid peri 
Material tissue mice tumors (months) 


Normal spleen i 1 9.0 
Normal spleen 5 2. 5-12. 0 
Normal spleen L None — 
Normal spleen i None 
Normal spleen None 
Normal thy 

None 


1 
C3Hf£/Bi None 


pl 
P815 mast-cell neoplasm.. DBA/2 None 
Bone tumor (GLBT) C3Hf/Bi None 


None 
Mammary = 3 None 


None 
6 


Mammary tumor 
Total 


*C3Hf/Bi and (C3H X AKR)F; mice, principally, used as recipients. Total discard fluids and final cell scrap- 
ings after 2 to 4 weeks in culture inoculated without prior centrifugation or filtration. These results cover an 
observation period of 12 to 15 months. 

tMammary tumor from C3H subline freed of mammary-tumor agent. 

{Mammary tumor from C3H subline carrying mammary-tumor agent. Both neoplasms obtained from 
Dr. W. E. Heston, National Cancer Institute. 


Ill. Tissue Cultures 


(a) Short-term.—Cultures of the tissues and neoplasms listed in tables 
1 and 2 were prepared with a modification of the Leighton sponge-matrix 
method previously described in the isolation of a reticulum-cell sarcoma 
(25). Cultures GLTC,, GLTC,, and GLTC, (table 2) were set up in 
roller tubes, and rotated at a rate of 12 revolutions per hour. All others 
were set up in flat-sided (Leighton) tubes. 

The techniques used in GLTC, and GLTC; deviated from that used in 
GLTC, and the other cultures. In GLTC,, no plasma clot or gelatin sponge 
was used, and the explants were simply allowed to drift in the medium 
as the tubes rotated. In GLTC;, the gelatin sponge was omitted, but the 
explants were attached to the glass by plasma clot in standard roller- 
tube fashion. 

All cultures were incubated at 35.5° + 0.5°C. The medium used for all 
cultures was LN40, whose components and preparation have been previous- 
ly described (25). Feedings were generally performed 3 times weekly, with 
some variation according to rate of pH depression. The intervals at which 
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medium was saved and used for injection of animals are indicated in the 
tables. At each collection, 0.75 ml. of medium was removed from each 
tube and replaced with an equal amount of fresh medium, while 0.25 ml, 
of “conditioned” medium was left in the tube to keep the fluid volume 
at 1.0 ml. Six to 8 cultures were prepared in each explantation series, 
(b) Continuous culture line P388 D,—The lymphoid neoplasm P38 
has not been described in the literature, except with reference to its changes 
in tissue culture (19). A detailed description is in preparation. Briefly, 
P388 was induced by Dr. Michael Potter in a DBA/2 mouse, with skin 
paintings of methylcholanthrene. In the original host and in the early 
transfer generations, it was of moderately well-differentiated lymphocytic 
type. It was converted to ascitic form in the first mouse transfer and, 
during subsequent passages, underwent a rather extensive progression 


TasLe 2.—Frequency of parotid tumors in mice receiving various types of tissue- 
culture material 


Number Number 
of mice of mice 
surviving showing 
Number overl parotid iti Type of 
of mice month tumors total) preparation 


52 


PTA-3 and-5 in 
P388 

PTA in direct 
filtrate 

Medium alone 
(LN40) 


PTA-5 not filtered 
Filtered 


Not filtered 


toward a poorly differentiated or stem-cell type of lymphoma. Mouse 
passage was entirely through (BALB/c X DBA/2)F, hybrids. At the 
49th transfer, isolation of a continuous cell strain in tissue culture was 
established. The morphology of the continuous culture strain was defi- 
nitely altered in comparison with the parental line, but the cultured 
cells retained the ability to develop into ascites tumors in mice, as well 
as the specific transplantability characteristics of the DBA/2 neoplasm. 

In the present work, two types of cultures of P388 were studied. That 
designated P388 consisted of short-term cultures prepared by the same 
technique used for GLTC,, with explants taken from tumor of the 60th 
mouse passage. 

Cultures designated P388 D, represent cultures of the continuous, 
altered culture strain of P388. In these, the cells were grown on glass in 
the same medium (LN40) specified for all other cultures in this work. 
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Material 
aes GLTC, 135 92 = 9/17 ‘Filtered 
GLTC, 169 111 2 2/21 ~=—‘*Filtered 
GLTC; 103 61 13 3/14 Filtered 
=. L10813 168 49 1 1/15 ‘Filtered 
; L12289 92 43 30 8/8 Not filtered 
TT-427 130 65 8 3/13 = Not filtered 
ee P388 105 71 8 4/12 See table 10 
P388 163 101 3 2/18 See table 11 
oa PTA-1 in P388 D,; 314 166 109 21/30 Filtered 
PTA-3 filtered 
é 3 
ae 82 21 0 0/4 
73 64 2 
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IV. Derivation of PTA 


Filtrates of cultures TT-427 were injected into newborn (C3H X 
AKR)F, mice to test for tumor-inducing activity. Eight of 47 animals 
eventually developed parotid-gland tumors, and the tumor from one of 
these (#904) was used to prepare a filtrate. This filtrate was then used 
to inoculate cultures of P388 D, at the start of serial passage of PTA 
through the continuous culture line. It is one of the strains also reported 
on by Rabson and Legallais (20). The derivation of PTA is represented 
diagrammatically as follows: 


GLTC; Tissue culture Thymic tumor 427 Tissue culture 
(Leukemia) in 
in C3Hf/BiLw Filtrate (C3Hf/Lw X< Filtrate 


—> 


Parotid 
tumor 904 Direct 


in 
C3Hf/BiLw Filtrate 


PTA 


Preparation of extracts and filtrates——Discard fluids from the tissue- 
culture preparations were collected at the times indicated in the tables, 
and frozen immediately to —70° C. In some instances (also indicated in 
tables), several collections were pooled after thawing, just prior to inocu- 
lations, and were then refrozen for later use. In several experiments, 
dilutions with Locke’s solution to 1:10 or 1:100 were made. These are 
mentioned specifically in the tables or text. Filtration, when done, was 
accomplished through a Selas #02 or #03 filter. All filters were tested 
with Escherichia coli during filtration. 

Histologically diagnosed leukemic tissues, obtained from the sources 
mentioned previously, either from the original animal or from mice bearing 
intraperitoneal transplants, were removed aseptically. The tissues usually 
included spleen, liver, thymus, and superficial and internal lymph nodes. 
These were minced, then ground with mortar and pestle. A 20-percent 
cell suspension was prepared with chilled 0.85 percent sodium chloride 
or Locke’s solution. Centrifugation was accomplished in a PR-2 
refrigerated centrifuge for 10 minutes at 3000 rpm (1400 X g) and the 
supernatant fluid then recentrifuged at 9500 rpm (7000 X g) for 10 
minutes. Filtration was accomplished through an £. coli-tested Selas 
#02 filter. This filtrate was then used immediately for inoculation into 
mice. 

All inoculations were done subcutaneously, unless otherwise specified. 
A 26-gauge, 1%-inch needle was introduced through the upper muscles of 
the hind leg so that leakage was minimized; 0.05 ml. of the test material 
was deposited in the region of the nape of the neck. Mice were returned 
to their mothers and remained with them in separate cages until weaning. 
In some cases toxicity of the material was severe. This is noted in the 
text and tables. 
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V. Autopsies 


The animals were killed when tumors became so large as to interfere 
with eating, when tumors were ulcerated with consequent bleeding and 
infection, or when dyspnea secondary to thymic tumors became severe. 
A small number of mice died unpredictably. These were autopsied when 
post-mortem changes were not extreme. 

A detailed necropsy was performed on each animal, with the following 
organs taken for study: heart, lungs, liver, both kidneys, spleen, pancreas, 
thymus, both adrenals, thyroid, stomach, duodenum, ileum, submaxillary, 
sublingual, and parotid salivary glands on both sides, both extraorbital 
lacrimal glands, mammary tissue from axillary and inguinal regions, brain, 
pituitary gland, lymph nodes (cervical, mediastinal, axillary, brachial, 
inguinal, mesenteric, lumbar, and caudal), and spine and sternum for bone 
marrow study. In the male, testes, seminal vesicles, and preputial] gland 
were taken, and in the female, uterus, tubes, ovaries, and vagina. In 
addition, skin and bone specimens were taken from locations bearing gross 
lesions. During the later part of the study, after the propagation of the 
agent in the continuous P388 D, cultures, complete coronal sections 
through the cranium and mandible were taken, as well as step-serial sec- 
tions of the larynx and thyroid, at 300-micron intervals. Tissues were 
fixed in Zenker-formol, and stained with hematoxylin and eosin. Osseous 
tissues were decalcified i in 5 percent formic acid. 


RESULTS 


Tables 1, 2, and 3 summarize the results in terms of positive or negative 
response with respect to parotid-tumor development. This criterion 
bas been selected arbitrarily, though other types of tumors are found in 
many animals. In the present study, tumors of the special types related 
to the PTA were not found unless parotid tumors were present. Parotid 
tumors were sometimes present in the absence of other types. The latter 
therefore appear to represent the most sensitive indicator of activity of the 
agent, or agents, with which we are concerned. 

It is important to note that the data presented in tables 1, 2, and 3 are 
not based on results in animals of a single strain, and direct comparisons 
are not justifiable without taking this into consideration. Details with 
regard to strains of animals used and the type of material injected are given 
in tables 4 through 12. Table 13 shows that all strains of mice used in this 
work can develop salivary-gland tumors of the type under consideration. 

Although cultures GLTC,, GLTC,, GLTC,;, L-10813, and L-12289 
were all prepared from leukemic tissues from Gross’s “Passage A’’ series 
(24), the results among these sources are at variance. Differences among 
GLTC,, GLTC,, and GLTC; might be explained either by the difference 
in techniques that were used in preparing these cultures or by the fact 
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that, although the same leukemic line was used in each, the tissue came 
from different transfer generations (sixth, tenth, and eleventh, respec- 
tively). It would, however, seem unusual that tissue from the tenth 
transfer generation (GLTC,) should have practically no activity, while 
tissue from the eleventh transfer generation (GLTC;) had a moderate 
degree of activity. We are inclined to attribute the observed differences 
mainly to the technical differences used in the cultures. Thus GLTC,, 
in which the explants were not attached either to glass or to gelatin 
sponge, gave the lowest tumor-inducing activity. Survival of the 
leukemic cells and the normal macrophages was also poorest in these 
cultures, as estimated by daily direct microscopic examination. 

Known technical differences in the cultures do not explain the difference 
in results between cultures of L-10813 and L-12289. The latter produced 
tumors in 70 percent (30/43) of the animals, whereas the former produced 
tumors in only 2 percent (1/49) of the recipients. Two distinct differ- 
ences between these 2 source materials are to be noted: (1) The tissues 
came from mice bearing different primary leukemias, though both 
leukemias were from the original C3H/Gs hosts that had received filtrate 
from Gross’s leukemia agent in serial passage. (2) Probably of less 
importance, material from cultures of L-10813 was filtered, whereas 
that from L-12289 was not. Thus, filtration of the GLTC, cultures 
permitted a result differing only slightly from that obtained without 
filtering L-12289 (56% vs. 70%). Another difference in results between 
these same two sources when filtrates of extracts of the leukemic tissues 
themselves were used, without being cultured, is shown in table 3. Al- 
though no salivary-gland tumors were produced by either material, 
leukemias occurred in 4 of 18 C3Hf X AKR mice at less than 6 months 
of age after they had received filtrates of L-10813, while no leukemias 
were observed in 16 mice of the same hybrid constitution more than 
12 months after they had received supernatant of L-12289. In this 
study, this is the only instance in which any suggestion of leukemia- 
inducing activity has been observed in an extract of leukemic tissue. 
The numbers of animals involved are too small to permit definite 
conclusions. 

Parotid-gland and other tumors appeared in 8 of 71 mice receiving 
filtrates from short-term cultures of P388 (table 10). Although this is 
not a high proportion of positive results (11%), it is approximately 
4 times higher than that obtained with the continuous P388 D, cultures, 
or with medium LN40 alone. Further work is needed with this tumor, 
as it is the only lymphoma of DBA/2 origin that has shown evidence of 
yielding salivary-gland tumor agent. It is also the only hydrocarbon- 
(methylcholanthrene) induced lymphoma that has shown such evidence. 
Unfortunately, we have no information at present as to the activity of 
direct filtrates of P388 tumor extracts. It is possibly relevant that the 
original DBA/2 host bearing the P388 lymphoma was born and reared in 
the Law colony, on the same floor but in a different room from animals 
carrying the Gross leukemias. On serial transfers, however, P388 was 
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passed through (BALB/c X DBA/2)F, animals reared in the central 
breeding laboratories supervised by Dr. Jay. 

Comparison of the results in table 3 with those in table 2 for GLTC,, 
L-10813, and L-12289 (in which the culture techniques were identical) 
provides only incomplete support for the thesis that culture of the source 
tissues by the method described makes the presence of the agent more 
readily detectable. In L-12289, there is a pronounced difference between 
the results with tissue-culture material and those with direct filtrate of 
the leukemic tissue. In the former, 70 percent of the 43 test animals 
bore parotid tumors, while none of 111 animals receiving direct filtrate 
showed tumors. In L-10813, however, no significant activity was 
demonstrable either with tissue-culture material or with direct filtrate 
of leukemic tissue. This result indicates, though it does not prove, that 
no agent was present in L-10813. 

With GLTC,, too few animals were tested with direct filtrate to permit 
a valid comparison with culture material. Although 5 of 14 animals 
receiving the direct filtrate bore salivary-gland tumors, all these positive 
animals belonged to a single litter. With such a small number of animals, 
the “litter effect” could obviously weight the results in a misleading 
manner. However, there appears to be value in the observation that 
among 92 animals, the proportion (56%), showing tumors after receiving 
cultures of GLTC, was about that (70%) found in 43 mice receiving 
cultures of L-12289. That the GLTC, culture material was filtered, while 
the L-12289 culture material was not, is a possible explanation for the 
minor difference in activity between these two sources. 

The data in table 1 reveal that, in spite of a rather broad search for 
PTA in normal lymphoid organs and in a variety of transplanted neo- 
plasms, scant evidence of its presence was found. The appearance of 
parotid tumors in 5 of 8 mice inoculated with cultures of normal spleen 
from a C3Hf/Lw mouse was to be expected in view of the observation 
that a high proportion of animals of this strain in the Law colony give 
positive reactions (26) for complement-fixing (CF) and hemagglutinatin- 
inhibiting (HI) antibodies against the PTA. Discard fluids from short- 
term cultures of 3 different 2-month-old AKR thymuses were used. 
HI antibodies were not detected in any of the donor AKR mice, 
nor were hemagglutinins observed in tissue cultures inoculated with 
extracts of the 3 transplantable DBA/2 leukemias used here: L1210, 
P815, and P1081. Thus, the occasional appearance of parotid-gland 
tumors may be expected, after introduction of materials, including tissue- 
culture medium alone (table 2), that do not themselves contain agent 
detectable by the available methods. 

The negative results with mammary tumors of mice with or without the 
mammary-tumor agent provide reinforcement for our opinion, based on 
histologic differences, that the mammary tumors occurring in mice 
exposed to parotid-tumor agent differ from those associated with 
mammary-tumor agent as well as from those not associated with any 
known agent. 
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The most striking data in table 2 are those showing the results obtained 
with the continuous culture strain of P388 D, before and after exposure 
to filtered extract (PTA) of parotid tumor #904. Here it is shown that 
introduction of such filtrate into the cultures resulted in an increase of 
parotid-tumor incidence in recipient mice from 3 to 70 percent. A cyto- 
pathogenic effect was observed in the exposed cultures, as has been 
described by Rabson and Legallais (20), and illustrated in figures 33 to 37. 
Tumor-inducing activity in test animals was demonstrated through the 
tenth passage through P388 D, (table 14), and cytopathogenicity has 
likewise been observed through the fifteenth serial passage. In the 
serial passage of agent through P388 D, cultures, filtration with Selas #02 
filter was performed on the inoculum at the third passage. In the 
remaining passages, frozen-thawed, unfiltered culture material was used. 

It seems worth emphasis here that cells of the P388 D, strain were kept 
in the same growth medium used for their continuous propagation, both 
at the time of exposure to PTA and thereafter, until cytopathogenic 
effect (CPE) appeared and cultures were harvested. The 40 percent 
human-serum content of the medium did not prevent infection of the cells. 

The first inoculation of a P388 D, culture was carried out by adding 
0.15 ml. of Selas #02-filtered, 20 percent saline extract of parotid tumor 
#904 to a culture containing 5.0 ml. of medium. The culture was fed 
according to routine schedule by replacement of 4.0 ml. of medium on 
alternate days. After 18 days, no CPE had appeared, and the same 
culture was inoculated again with 1.0 ml. of the same filtrate previously 
used. After an additional 14 days and 5 feedings, a marked exfoliation 
of cells from the glass occurred, and this was harvested. The effective 
dilution of the second inoculum at this time was 1:18,750. In the 10 
serial passages of the agent, it is calculated on the basis of dilution of 
the inoculums, initially and at feedings, that a total dilution of 1.5 « 10-* 
was accomplished. 

The times required for appearance of CPE in P388 D, cultures exposed 
to PTA in serial passages from the second to the tenth were 9, 8, 13, 7, 
8, 9, 8, 9, and 9 days, respectively. From this it is apparent that, after 
an initial reduction in the latent period, no further effect occurred during 
this series of passages. The prolonged latent period for passage 4 is 
attributable to a 1:10 dilution of the inoculum. 

Tumor-inducing activity appeared long before any CPE became 
apparent in the first passage of agent through P388 D,. As shown in 
table 12, tumor-inducing activity was demonstrable in medium withdrawn 
from the first-passage culture within 3 days after exposure. Although 
activity increased with passage of more time, 100 percent tumor induction 
was never achieved. This would appear related to the previously described 
“litter effect,” for tumors appeared in all or none of the members of 
each litter inoculated with culture material after CPE had appeared. 

Table 14 presents the results of animal testing with the third, fifth, 
seventh, ninth, and tenth serial passages of PTA through P388 D, cultures. 
No significant differences are noted between the results in these passages 
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and those of the first passage. Histologic study of all animals receiving 
these later passages has not, however, been completed. 

One of the outstanding differences between the observations on animals 
inoculated with P388 D, cultures exposed to PTA and those on animals 
inoculated with all short-term tissue cultures of leukemic material is that 
the latent period for appearance of tumors induced by the former was 
considerably shorter. Thus, before the agent was passed through P388 D, 
cultures, the shortest latent period ever observed was 2 months, and 
averaged more than 3 months. In all passages tested from 1 through 10, 


Tumors of Nasopharynx 


and Paranasal: Sinuses 
Sublingual Gland 


Parotid Tumor 


Mammory Tumor 


Hair Follicle 
Tumors 


Bone Tumors 


Leukemia 


Renal Pelvic Tumor 
Subcutaneous 


Fibrosarcoma Renol Tubular 
Lesion 


Mammary Mammary Tumor 


TExt-FIGURE 1.—Key diagram, identifying organs and tissues involved by tumors 
or lesions in text-figure 2. Four foci for mammary tumors are arbitrarily used 
to depict multiple tumors of this tissue when observed. 


the latent period was reduced to as little as 1 month, and averaged less 
than 2 months. 

Another outstanding difference between animals receiving PTA from 
P388 D, cultures and those receiving all previous types of material is 
that the variety and number of tumors in the former was greater, as 
shown in table 15. In order to depict this difference diagrammatically, 
20 consecutively autopsied C3Hf * AKR mice from the GLTC, experi- 
ment are compared in text-figures 1 and 2 with 20 consecutively autopsied 
C3H xX AKR mice that had received the first passage of PTA in P388 D,. 
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The variations in primary tumor sites from one individual animal to 
another, as well as from group to group, are self-evident in this diagram. 
Although PTA has been shown by other investigators to be relatively 
stable in the frozen state, there are indications that loss or qualitative 
change in activity may occur during prolonged storage and repeated 


Text-FicurRE 2.—(A) Left of center line: Sites involved by tumors or lesions in 
20 consecutive (C3Hf X AKR)F; mice that developed tumors of the parotid glands 
after inoculation with short-term tissue cultures of mouse leukemia (GLTC;, series). 
Organs with tumors are represented in solid black, except for renal cortex, where 
solid black indicates severe renal tubular lesions and stippling indicates moderately 
severe renal tubular lesions. Stippling of the transverse strip indicates presence 
of hair-follicle tumors. 

(B) Right of center line: Sites involved by tumors or lesions in 20 consecutive 
(C3Hf X AKR)F; mice that developed tumors of the parotid glands after inoculation 
with first passage of PTA through P388 D, culture. All tumors and lesions in 
groups A and B identified histologically. 


Our data are not complete at present, but over a 9-month period of 
storage at —70° C., during which 15 samples were removed from one 
repeatedly thawed lot, there has been a definite decrease in the proportion 
of thyroid and hair-follicle tumors that appeared in association with parotid 
tumors. At the same time, there has been no decrease in the frequency or 
latent period of parotid tumors produced by the same preparation. This 
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observation simply reasserts the importance of storing this agent, like 
others, in individual ampoules for any quantitative experiment. 


Strain Sensitivity 

When it became clear that the harvested material of the first passage of 
PTA in P388 D, had high tumor-inducing potency, a sample of this 
material was diluted 1:100 and was used to inoculate a variety of strains 
of inbred mice to determine whether some strains may be refractory to the 
effects of the agent. In table 13, 10 inbred strains are represented, not 
including C3H/Bi and C3H/Lw, both of which had previously responded, 
though C3H/Lw has consistently shown a relatively prolonged latent 
period. It is evident from table 13 that every strain tested has shown 
positive evidence of susceptibility. Mirand et al. (27) have previously 
reported susceptibility of 4 strains and 1 F, hybrid to SE polyoma virus. 
It seems probable that relative differences in susceptibility exist among the 
strains, for until the agent passed through P388 D, was used, we had 
observed no response to other positive materials by DBA/2 or StoLi mice. 
It should be noted here, also, that Gross reported C57BR mice resistant to 
PTA (28). The appearance of characteristic parotid tumors in 1 of 6 
C57BR mice in our tests indicates that animals of this strain are capable 
of response, though some degree of resistance may exist in C57BR as well 
asin C57BL/Ka. The question of relative strain susceptibility deserves 
further, more critical investigation, with the use of uniform, standardized 
preparations of agent. 


Age Sensitivity 


It is clear from the results shown in table 16 that sensitivity to PTA 
is demonstrable, at least in certain litters, through the first 14 days post 
partum, without appreciable lengthening of the latent period. Parotid 
tumors also appeared in 4 of 10 C3Hf/Bi mice that received intravenous 
inoculations, after weaning, between 30 and 40 days of age. The latent 
period in these 2 instances was 8 to 9 months. In connection with another 
study, we have recently observed parotid, thymic, thyroid, and hair- 
follicle tumors in mice exposed to PTA at 1 month of age and after re- 


Tasize 16.—Age susceptibility of C3Hf/Bi and (C3H * AKR)F; mice to PTA* 


Number of Number Number of Average 
mice sur- with parotid- litters latent 
viving over gland (positive/ period 
Age inoculated 1 month tumors total) (months) 


Under 24 hours 26 (80%) 
Under 48 hours 

Four to 5 days 

Thirteen to 14 days 

Seventeen to 21 days 

Twenty-nine days 


*Discard culture fluids from first passage of PTA on P388 D: leukemic cells used. Inoculum diluted 100 : 1. 
Material kept at —70° C. for 6 months prior to use. 
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ceiving 300 r of total-body X irradiation. The latent period for these 
tumors was less than 3 months. These results are in contrast to the 
findings of Gross (29) who suggested that age differences in response 
could be used to differentiate between the leukemia-inducing agent and 
the agent(s) responsible for the appearance of parotid-gland tumors. A 
more complete histologic study of the tissue response of 14-day-or-older 
mice, in contrast to younger mice, may reveal differences which are not 
now apparent. 


Infectivity of Other Tissue-Culture Lines 


We have as yet made only a few exploratory trials of other continuous 
tissue-culture cell strains in an attempt to ascertain their susceptibility 
to the CPE-producing effect of PTA. Both the P329 (25) and MB-III 
strains ® showed CPE 5 and 10 days, respectively, after initial exposure 
to PTA of the fifth serial passage through P388 D,. Cultures of both 
cell strains were harvested after appearance of CPE and tested for agent, 
with results shown in table 17. The tumor-inducing effectiveness of the 
agent after a single passage through these cell lines did not appear 
appreciably different from that observed with the P388 D, line. 

All the continuous tissue-culture cell lines that have been found 
susceptible to infection with PTA have been derived from lymphomas, 
but this fact has little significance until many other cell lines are tested. 

We have also inoculated cultures of normal macrophages isolated from 
the peritoneum of (BALB/c X DBA)F, mice after stimulation with sterile 
mineral oil. The cultures were inoculated 11 days after isolation, and 
did not show a clear-cut CPE. However, within 7 days after exposure, 
all the test cultures sbowed a definite decline in metabolic activity, as 
indicated by the rate of pH change in the test cultures, compared with 


Taste 17.—Tumors of parotid gland in mice receiving materials from control and 
PTA-infected continuous cultures 


Num- 
Theoretical ber of 
dilution of surviv- Num- 
Donor strain of original ing ber of parotid 
Material culture cell line inoculum mice _ litters tumor (months) 


(C57BL DBA) 2 4.5-5.0 
MB-III with PTA (C57BL XX DBA) 1:1024 12 2.0-4.0 
Histiocytic neo- DBA/2 1 8.0 


plasm P329 
P329 with PTA DBA/2 1:32 8 1.0-2.5 


*Entire fluids and cell culture used without centrifugation or filtration. Recipient mice were C3Hf/Bi and 
(C3H X AKR)F). 

tTwelve mice from 3 litters presented tumors. All mice of the fourth litter were negative. The C3Hf/Lw 
mother had HI antibody > 200 at birth of litter and had previously suckled a litter receiving highly active PTA. 


tOne litter of 8 mice had parotid-gland tumors. Mothers of 2 negative litters had HI titers > 200 at birth 
of litters. 


¢ Originally isolated by Dr. W. M. DeBruyn from lymphosarcoma MB (T86157) in 1949 ($0). Cultures of this 


strain were kindly provided us by Dr. G. O. Gey, and had been maintained continuously for 12 months in our 
laboratory in medium LN40 at the time of exposure to PTA. 
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that of uninoculated control cultures. Furthermore, the cultures exposed 
to the agent declined in population more rapidly and were completely 
lost more than a month earlier than the control cultures. 


**Carrier’’ Cultures 


After the appearance of CPE in the second serial passage of PTA in 
strain P388 D,, one of the exposed cultures was not harvested, but was 
carefully treated by giving small, frequent feedings and by closely con- 
trolling the pH. It was possible to obtain a “carrier” cell line in this 
way, and this line was maintained for 9 months after the single exposure. 
It was subcultured several times without difficulty, though it chronically 
displayed some of the features characteristic of the early stages of CPE. 
The cells tended to aggregate in small groups that could be seen grossly 
and had the appearance of small curds on the walls of the tubes. Micro- 
scopically, these cell aggregates often had one or more large, apparently 
degenerating, giant cells within them. Also, smaller numbers of cells, 
usually about 8 to 12, formed rosettes on the glass, with 1 cell placed 
centrally and the remainder arranged in a cluster around it (fig. 35). 

The effective dilution of PTA in this cell line as a result of feedings 
and subcultures during the 9-month period was approximately 1.0 x 10-®. 
Seventy-two days after this “PTA carrier” cell strain had been exposed 
to PTA, at which time regrowth had been well established, one culture 
was frozen and thawed and, without filtering, injected in the usual manner 
into 11 (C3H *« AKR)F; newborn mice and 6 C3Hf/Bi mice, comprising 
3 litters in all. After 4 months of observation, all 17 animals showed 
gross evidence of salivary-gland tumors and tumors of the thymus. Six 
months after the initial infection, carrier cultures were again inoculated 
into newborn mice. Three of 26, in 2.of 4 litters, have shown tumors 
during the first 3 months of observation. It is apparent that the carrier 
cell line continued to yield the agent in considerable quantity, even 
though the cells were not killed at a rate sufficient to prevent their con- 


5 4 tinuous propagation. It seems possible that the establishment of this 
“s carrier state of P388 D, cells in vitro was largely dependent on the high 

ape serum content of the medium. Rabson (31), using a nonserum-containing 
eae, medium, has not been able to obtain recovery of P388 D, cultures once 
‘ CPE has been produced by this agent. These observations are in keeping 


with known facts in other virus-carrying culture systems as recently 
discussed by Takemoto and Habel (32). 


**Litter Effect”’ 


Some data are available at present and a more detailed analysis will 
be given later of the “litter effect’”’ described earlier (1) and noted also in 
this study. By reference to the last 2 columns of table 12 and to table 14 
it may be seen that certain entire litters remained tumor-free after 
administration in the early neonatal period of the highly effective P388 D,- 
propagated line of PTA. On the other hand, if one member of an in- 
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oculated litter developed a parotid-gland neoplasm, most or all litter 
mates did. It is quite clear, in retrospect, that the majority of mothers 
that had a previous experience of nursing newborn mice inoculated with 
the highly active P388 D,-propagated line of PTA delivered subsequent 
litters completely resistant to infection by PTA. Of 17 C3Hf/Lw 
mothers (mated to AKR males) that had nursed previously inoculated 
litters developing tumors, 13 delivered offspring which showed the “litter 
effect”; that is, the inoculated mice uniformly failed to develop tumors. 
From 6 of these 17 C3Hf/Lw mothers serums were obtained for CF 
and HI antibody determinations. All contained high levels of antibody. 
Four females that nursed the inoculated newborn, among which only 
1 or 2 per litter presented tumors, had second subsequent litters that were 
susceptible to PTA. 

By reference to table 14, it may be seen that 6 entire litters of 25 have 
remained resistant, over a 6- to 9-month observation period, to the highly 
active PTA preparation propagated serially on P388 D, cultures. Each 
of the 6 mothers that bore a resistant litter had a previous history of 
exposure to PTA, through an infected (inoculated) suckling litter, and 
in 3 of the 6, HI antibodies were detected in the mothers at delivery of 
the litters that remained resistant through this observation period. 
Thus, in this series all litters and nearly 100 percent of the inoculated 
mice from uninfected mothers developed parotid tumors. 

These results are in accord with the findings of Rowe et al. (26) that 
mothers nursing inoculated newborns were uniformly infected within 4 
weeks of contact and that inoculated newborn mice are a source of intense 
environmental contamination. 

It is apparent also that a certain number of mothers, which had had no 
previous contamination with inoculated litters, nor cage contamination 
with litter mates, also delivered litters which resisted infection with PTA. 
These probably represent ‘‘spontaneous convertors.” A limited serologic 
experience with these has revealed that in each case showing positive 
serology (that is, HI > 200), the litter has been consistently negative. 


Observations on Tumor Incidence in Combined Litters 


The observations of Rowe e¢ al. (26) concerning spontaneous conver- 
sions of many strains and ages of mice to HI antibody producers indicate 
the importance of cage contact in the spread of parotid-tumor virus. 
In 10 instances in the present study 2 or more litters were caged together 
at weaning; in all instances, 1 litter in each cage had received highly 
virulent tumor-inducing material, usually from the P388 D,-passaged line, 
while 1 or more litters received control inoculations or were inoculated 
litters from mothers serologically positive for HI antibodies that pre- 
sumably protected the litter through the transfer of maternal antibodies. 
Although it is expected that most or all cage mates converted as a result 
of contact with those receiving the highly active materials, in not a single 
instance, over a 12-month observation period, was there observed induc- 
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tion of neoplasms among these control mice. Among the 10 cages there 
were 10 litters representing 42 mice inoculated within the first 48 hours 
of the neonatal period with virulent, tumor-inducing material. Forty of 
42 showed parotid-gland neoplasms and associated tumors and lesions 
at 2.4 months. In contrast, their cage mates, comprising 37 mice of 12 
litters that had received inoculums of control materials, failed to develop 
neoplasms. 

It was possible to obtain offspring from both C3Hf/Bi and C3Hf/Lw 
mothers (the latter mated with AKR to obtain F, mice) that presented 
parotid-gland neoplasms while suckling their young. Eight litters of 46 
offspring from 8 different C3Hf/Bi mothers, and 5 litters of 29 (C3Hf/Lw 
AKR)F, mice from 5 separate C3Hf/Lw mothers were observed for 12 
months. Neither parotid-gland neoplasms nor leukemia was observed 
in these mice. Of several of these tumor-bearing mice examined for HI 
antibodies, all gave extremely high antibody titers (> 5120). Similarly, 
mothers of these 2 strains, which were negative for neoplasms but whose 
litter mates presented parotid-gland neoplasms, produced offspring that 
were observed for 12 months and did not present neoplasms. Five 
litters, comprising 22 mice from C3Hf/Bi mothers and 20 (C3Hf/Lw x 
AKR)F, mice from 3 C3H/Lw mothers were observed for this period. 
This latter group of mothers was inoculated at birth with PTA. 

It is of interest to point out also that as a result of a survey of the anti- 
body status of various strains of mice in this laboratory. (26) there have 
been available for observation mice of the inbred strains DBA/2, C3Hf/Fg, 
AKR, C3Hf/Bi, and others having high HI antibody titers as a result of 
spontaneous infection by PTA, or as a result of cage infection by inocu- 
lated litter mates. Serologically, the former were found to convert 
spontaneously beyond the age of 3 months. To date, after an observa- 
tion period of more than 8 months, at which time most of these mice have 
now reached the age of 11 to 16 months, no unusual morphologic forms or 


changes in incidence of the normally occurring “spontaneous” neoplasms 
have been seen. 


Frequency of Leukemia in Recipient Mice 


Rudali et al. (33) have observed what they call “superinfection” in 
high-leukemic AK mice given AK leukemic extracts (not filtrates) 
parenterally in the neonatal period, but apparently have not observed 
induction of lymphocytic neoplasms in their C3Hf mice. The outstand- 
ing feature of “superinfection” was the shortened period of latency, some 
leukemias appearing as early as 80 days. Maximum incidence was 
reached in the inoculated mice at 4.5 months and at 9.0 months in un- 
treated controls. The claim of an increased incidence over controls is 
questionable. These extracts also produce other neoplasms, but par- 
ticularly parotid-gland tumors, in AK and C3Hf mice, at times in con- 
junction with lymphocytic neoplasms in AK mice. Dulaney et al. (15) 
have observed a similar acceleration of leukemia in AKR mice. 
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We have not observed an earlier appearance of lymphocytic neoplasms 
in AKR/Lw nor in (C3H X AKR)F; mice in our present work. Among 
those AKR mice that received positive extracts, i.¢., the mice from litters 
in which at least 1 member presented parotid-gland and associated tumors, 
17 of 27 AKR strain mice, comprising 6 litters, had lymphocytic neoplasms. 
The average age at death among females was 8.9 months (7-12 months), 
and among males 9.2 months (7-11 months). Since the other mice of 
this series either had parotid-gland tumors (and associated tumors) or 
were killed at 12 months of age, the precise incidence cannot be deter- 
mined, but the average age at death from leukemia is in the same range 
as uninoculated AKR controls. Similarly, among 41 (C3H x AKR)F, 
' mice, comprising 7 litters, of which at least 1 member of a litter presented 
parotid-gland neoplasms, there were 8 lymphocytic neoplasms appearing 
between 6 and 12 months at which time these (C3H * AKR)F; mice were 
killed. The mean age at death was 9.3 months. The distribution of 
leukemic deaths was similar to uninoculated controls. (See ‘Materials 
and Methods.’’) 

The lack of correlation of PTA antibody (HI and CF) with the occur- 
rence of lymphocytic neoplasms in AKR mice (26) also suggests that 
there is no etiologic relationship of PTA to spontaneous leukemias, at 
least for those appearing in the AKR strain. Further evidence of such 
a lack of correlation has been found also in X-ray-induced lymphocytic 
neoplasms of the C3Hf/Bi substrain of mice. Details of these studies 
will be published later (34). 


Loss of Tumor-Inducing Activity From the Transplantable Lympho- 
cytic Neoplasm L-12289 


Discard media, obtained over a 2-week period during the short-term 
culture of the lymphocytic neoplasm designated L-12289, exhibited a 
striking tumor-inducing activity upon inoculation into appropriate sensi- 
tive recipients (70% parotid-gland neoplasms in 43 mice). (See table 8.) 
High hemagglutinin titers (> 1:2560) were obtained from these short- 
term culture media, and CPE was observed at 5 days when this material 
was introduced into mouse-embryo tissue cultures.’ 

After 20 successive serial passages of the neoplastic cells (leukemia) 
in 1- to 2-month old C3Hf/Bi mice, it was found that the neoplastic cells 
no longer gave evidence of carrying virus. Hemagglutination-inhibiting 
antibodies were not detected in terminally ill mice bearing the transplanted 
leukemia, neither CPE nor hemagglutinins were detected in mouse- 
embryo tissue cultures, and virus was not recovered after introduction 
into Swiss mice.’ 

In view of these findings, which are in contrast to the observations of 
Stewart et al. (36) and Buffett et al. (12) of persistent virus in transplant- 
able AKR neoplasms, short-term cultures of L-12289 were again carried 


7 Personal communication from Dr. Isadore Brodsky, Institute of Allergy and Infectious Diseases, National 
Institutes of Health. 
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out with leukemic tissues of C3Hf/Bi mice bearing the 30th transfer of 
this leukemia. Twenty-seven C3Hf/Bi and (C3H XK AKR)F, recipients, 
which received discard fluids from L-12289 in short-term culture, have 
remained tumor-free over a 6-month observation period. 


Pathology 


The gross and microscopic morphology of tumors of the salivary glands 
and extraorbital lacrimal gland has been described in detail in the earlier 
report of Law, Dunn, and Boyle (1). The tumors of these organs seen in 
the present work were not significantly different from those of the earlier 
experience, and will not be further described at this time. 

Several types of tumors were observed in the present work, which had 
not been encountered at all in the previous study (1). These are described 
later. Table 18 lists the types and number of tumors or proliferative 
lesions examined. Tumors of the submaxillary, sublingual, and accessory 
salivary glands of the oropharynx, and tumors of the submucosal glands 
of the nasal passages and trachea are not listed or described, as they are 
similar to those of the parotid gland. Among the tumors, they were 
noted with a frequency second only to tumors of the parotid gland, though 
they were less frequent than the renal-cortical lesions. 

It may be seen in table 18 that the organs involved by tumor were, 
with few exceptions, the same as those listed in the report of Stewart, 
Eddy, and Borgese (36). The various tumors listed and illustrated by 
these authors appear to be identical with those described later, though 
there are some differences in terminology. From this it appears that 


TasBLeE 18—Tumors and proliferating lesions identified 
histologically in 232 mice developing salivary-gland 
tumors 


Number 
histologically 
positive for 
tumor or 
proliferative 


Anatomic site lesion* 


50 


(12 males) 

Subcutaneous connective tissue 22 
Oral epithelium 12 
10 
Nasal mucosal surface epithelium... ... 8 
ds 5 
4 
2 
2 


Harderian glan 
Adrenal medulla 
Urethral glands 


*Lesions of renal cortex, although often showing evidence of proliferative 
activity, not included. Such lesions were second only to parotid tumors 
in frequency. 
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propagation of the agent in a continuous culture cell strain derived from 
a lymphoma did not immediately result in obvious differences in its 
tumor-producing properties as compared with a similar agent propagated 
in normal mouse-embryo cultures. However, the long-term effect of 
propagating the virus on different cellular substrates cannot be predicted. 


Thymic Tumors 


These ranged in size from microscopic to 2.5 cm. in greatest dimension. 
The majority were recognized grossly, but several were discovered only 
at histologic examination. The largest ones occupied approximately 
three fourths of the intrathoracic space, providing ready explanation for 
the severe dyspnea associated with them during life. Even in these, it 
was usually possible to distinguish an anterior midline cleft demarcating 
the diffusely enlarged right and left lobes. In most instances the right 
lobe was larger than the left. There were often grossly visible necrosis 
and hemorrhage in the portions of tumor adjacent to the diaphragm. 
The surface was usually smooth and not adherent to the pleura. A ceph- 
alad extension through the thoracic inlet was occasionally present. The 
tumors were pearly white in color, with a prominent, dilated vascular 
system over the surface. Their consistency was soft, much like that of 
a lymphoid tumor. 

Microscopically, a considerable degree of variation was observed in 
these tumors from case to case, as well as within a single tumor, but in 
general they were less pleomorphic than the salivary-gland tumors. 
Like the latter, they are considered to be of a single nosologic type. The 
proliferating cells varied from large, pale, round cells, through spindle 
forms, to cuboidal or slightly columnar cells with definite epithelial char- 
acteristics (figs. 4 through 8). Cells of the latter type appeared to repre- 
sent a modulation of the other two types, and were found chiefly in pali- 
saded arrangement around blood vessels, or in follicle-like formations 
around lumens filled with an eosinophilic, colloid-like material. In such 
follicle-like structures, clear spaces were sometimes present between the 
lining cells and the colloid-like material, as in follicles of the thyroid 
gland. A blood vessel was almost invariably identifiable within the 
follicle-like structure, usually eccentrically placed, and giving the impres- 
sion that it had been separated from contact with the epithelial cells by 
the accumulation of the colloid material. 

The periodic acid-Schiff reaction preceded by diastase digestion did not 
reveal any positively reacting material within the proliferating cells, 
either of the epithelial or the round and spindle-cell types. The extra- 
cellular colloid material reacted with a deep-pink color, more intense than 
that of plasma. The reticulin network, as revealed by PAS reaction and 
by Wilder’s silver stain, showed no characteristic pattern, and the quan- 
tity of reticulin within the tumors was scant. Mallory’s phosphotungstic 
acid method and van Gieson’s connective-tissue stain did not show any 
fibrils within the spindled types of tumor cells, or of collagen deposition 
by tumor cells. 
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Thymic tumors displaying obvious epithelial characteristics, as 
described, were actually exceptions to the rule, but in the same sections 
there were many areas that showed the round and spindle-celled forms 
that exclusively made up most tumors. Intermediate types were also 
seen, which provided support for the impression that all the tumors were 
derived from thymic epithelium. The loss of epithelial character in most 
cells is in keeping with experience with thymic epithelial tumors in man 
(37). One of the constantly disturbing anatomic features of the thymus 
has been the difficulty in distinguishing thymic epithelium (the “‘epithelial 
reticulum”) from reticulum cells of mesenchymal origin. Recently, 
Buffett et al. (12) have expressed the view that thymic tumors occurring 
in their experiments with PTA are of reticulum-cell origin. The tumors 
described by them appear to be histologically the same as those observed 
by us. We are of the opinion that the tumors in our experiments, and 
probably also those reported by Buffett et al., originate from the thymic 
epithelium. 

In most of the thymic tumors, the lymphocytic elements were usually 
nearly completely replaced by tumor. Extensions of the proliferating 
cells through the capsule, to form layers or nodules on the external surface, 
were common. Areas of necrosis, sometimes with calcification, were 
frequent. 

In a small proportion of the tumors, lymphocytes dominated the picture 
numerically, though it was always possible to find the abnormal thymic 
epithelial proliferations amid the lymphoid masses. Morphologically, 
there was nothing about the lymphocytes or their distribution to suggest 
that they represented a leukemic or lymphomatous process. Rather, 
they appeared to represent a very marked reactive hyperplasia. 

In some instances that appeared to represent the early stages of devel- 
opment of the thymic tumors, the lesions consisted of discrete nodules of 
proliferating cells, occupying either the medulla or cortex of the organ 
(fig. 2). In other instances, proliferation of altered epithelium appeared 
to be taking place simultaneously in many parts of the organ, particularly 
along the courses of the cortical blood vessels and beneath the capsule. 
This evidently represented diffuse, multifocal origin from the epithelial 
reticulum. The earliest example we have observed as yet was in a 
21-day-old mouse, inoculated on the day of birth. As shown in figures 
1 and 3, the diffuse epithelial proliferation in this instance is rather sharply 
limited to the cortex on the ventral side of the medulla. The medulla 
and dorsal cortex remain essentially unchanged. It is our impression 
that the thymic tumors originate from the less well-differentiated thymic 
epithelium around the vessels, rather than from the more differentiated 
thymic epithelium of the Hassall’s corpuscles. 

Finally, we have seen several thymic epithelial tumors taking origin 
from ectopic thymic tissue. Two of these were found high in the neck 
adjacent to salivary-gland tumors, and four just below and in contact 
with the lower pole of the thyroid gland. One of these (fig. 14) was 
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difficult to distinguish grossly from a primary thyroid tumor because it 
displaced and compressed one lobe of the thyroid gland. 


Thyroid Tumors 


As in other involved organs, lesions of the thyroid gland were usually 
multiple, involving both lobes, though occasionally solitary. The 
largest nodules measured 0.5 to 0.7 cm. in greatest dimension, whereas 
the smallest were microscopic and might be limited to a single follicle. 
Grossly, the smaller lesions could only be suspected on the basis of a 
certain degree of pallor and granularity of the gland. Under a dissecting 
microsvope, these lesions were recognized as small, whitish nodules, 
slightly elevated above the pink thyroid parenchyma. The larger 
lesions were opaque and white, with smooth surfaces. 

Microscopically, the earliest recognizable lesions consisted of one or 
several follicles within which some of the epithelial cells were altered, and 
around which were collections of lymphocytes and plasma cells (figs. 
16 and 17). The follicular epithelial alteration was marked by enlarge- 
ment of the cells, particularly the nuclei, with a relative loss of cytoplasm. 
Nuclei were enlarged to two or three times their usual size, and some 
nuclei contained large, clear, sharply circumscribed vacuoles that failed 
to take any stain (hematoxylin and eosin). Some cell necrosis was 
indicated by the nuclear debris within the involved follicles, and occa- 
sionally solid, eosinophilic areas of tumor necrosis were seen. In some 
follicles only a portion of the epithelium showed the alterations described, 
while the remainder appeared normal. Involved follicles generally con- 
tained less colloid than adjacent normal follicles. The lesions appeared 
to progress by proliferation of the large, altered cells, which formed 
papillary infoldings or accumulated in solid, expanding masses. The 
larger tumors contained, at most, only scant amounts of colloid in irregular 
spaces between tortuous folds of epithelium (fig. 15). Some of the 
larger tumors were completely solid, without signs of function or differ- 
entiation. Occasional examples of this type also contained rather large 
collections of lymphocytes in the midst of the proliferating altered 
epithelium. 

The peripheries of the larger lesions deserving designation as tumors 
were sharply circumscribed, but not encapsulated. Extension beyond the 
capsule of the gland or invasion of blood vessels was not noted. Para- 
thyroid tissue adjacent to tumor was pushed ahead of the expanding lesion, 
but was not invaded. 


Mammary Tumors 


In a previous publication (1) two subcutaneous epithelial tumors in a 
male mouse were described. The resemblance to the parotid-gland tumors 
was noted, and it was suggested that these tumors probably originated 
from “subcutaneous glandular elements.’”’ In the present experiment, 
45 subcutaneous epithelial tumors, 33 in female and 12 in male mice, 


VOL. 23, NO. 4, OCTOBER 1959 


st 
n 
ul 
d 
d 
e 
e 
ic ' 
3t 
r, 
of 
n 
d 
y 
2. 
il 
a 
S 
y 
a 
n 
ic 
d 
n 
k 
E 


752 DAWE, LAW, AND DUNN 


have been found. Some of these had a close resemblance to the tumors 

previously described and the opportunity to examine them, often in early 
stages of development, left no doubt that the tumors were of mammary- 
gland origin. They differed, however, both in morphology and patho- 
genesis from the mammary tumors usually encountered in mice. Although 
a number of morphologic variants have been described, mammary tumors 
in mice usually reproduce mammary acini in some areas, and these acini 
were lacking in the tumors of the present series. Mammary tumors are 
seldom found, even in inbred mice with the milk agent, before the age of 
6 months, and they have not previously been reported in male mice unless 
the males were treated with female sex hormones (38), or had developed 
a hormonal imbalance ($9). Mammary-gland tissue is rudimentary in 
the male unless there is estrogenic stimulation. Yet mammary tumors 
in the present series were found in mice only 2 months old and a high 
proportion (29%) were in males. We have, therefore, in these treated 
mice a group of mammary tumors that differ in morphology and biologic 
behavior from mammary tumors previously studied. Mice in the present 
experiment with mammary tumors were all from inbred strains or hybrids, 
the milk agent was absent, and the tumors appeared at a much earlier 
age than the usual milk-agent tumors. Mice receiving injections at 
birth, as shown in the previous experiment, may develop mammary 
tumors of the usual types, provided they live to the required age. This 
may explain why, in some reports on mice receiving the PTA when new- 
born, the mammary tumors described have not been recognized as different 
from the usual types. 

The mammary tumors in the present group of mice appeared to originate 
in small epithelium-lined cysts or tubules (fig. 9). These structures were 
often lined by two or more layers of epithelial cells. The inner layer 
next to the lumen was composed of basophilic cuboidal cells, while the 
cells of the outer layer were paler and more oval. The lumens often 
contained an eosinophilic hyaline substance. Mitotic figures were frequent 
in the outer layer of cells, and continued proliferation of these cells 
occasionally produced papillary extensions into the lumen. More often 
the proliferating cells seemed to compress the lumens into slitlike spaces 
that were often crescentic (figs. 10 and 11). A few mitotic figures were 
also found in the cells next to the lumen (figs. 9 and 10). As the altered 
cells originating around glandular spaces proliferated, they often formed 
nests of cells bounded by connective-tissue strands containing abundant 
collagen (fig. 11). This probably resulted from compression of pre- 
existent tissue. 

With further development of the neoplasm, a more fusiform cell devel- 
oped from the oval, pale cells, and masses of cells were found that resemble 
fibroblasts (fig. 12). Fine collagen fibers surrounding these cells could 
often be demonstrated with van Gieson’s stain. The appearance of 
fusiform cells at a distance from the cuboidal cells suggested that a 
progressive alteration was taking place. Necrosis was frequent in the 
center of the epithelial nodules (fig. 12). Some neoplasms closely resem- 
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bled parotid-gland tumors, and were similar to the tumors previously 
described (1) (fig. 13). Occasional small areas in large tumors somewhat 
resembled the acinar structure usually found in mammary tumors, but 
these structures were not lined by single cell layers. 

Although the mammary tumors in this group resembled the parotid- 
gland tumors so closely that it was often difficult to distinguish them, 
there were some features of the parotid tumors never observed in the 
mammary tumors. No hyaline material, a characteristic of early stages 
in the parotid-gland tumors, and no heavy lymphocytic infiltration was 
ever observed. 

Although it has been noted in collections of mammary tumors that 
morphology has varied somewhat, depending upon the conditions of tumor 
development such as presence or absence of the milk agent, exposure to 
chemical carcinogens, hormonal stimulation, and age, the present group 
is unique in showing such a wide and consistent divergence from the 
usual groups of mammary tumors. This is further evidence of the alter- 
ation in the usual pattern of tumor formation in inbred mice that results 
from treatment of the newborn with this agent. Rogel and Rudali (11), 
after injecting newborn strain AK mice with cell-free extracts from 
lymphosarcomas, noted the development of mammary tumors in virgin 
mice 3 months old. Mammary tumors had not previously been observed 
in this strain. These authors noted that the tumors differed histologically 
from mammary tumors in high cancer lines, such as RITI, NLC, or C3H. 
Two of their photographs resemble our figures 9 and 11. 

Another feature of these tumors is the apparent progression from an 
epithelial cell to a fusiform, fibroblast-like cell. It was previously sug- 
gested that the parotid tumors originated from two elements, an epidermal 
and a mesodermal. Observations on early stages of the mammary tumor, 
however, suggest a different explanation for the mixed character of these 
tumors. Progressive modification of the glandular epithelial cells can 
lead to the development of fusiform cells indistinguishable from fibroblasts. 


Hair-Follicle Tumors 


These lesions were found in varying numbers and size, but were most 
frequently multiple, sometimes numbering over a hundred, and often 
confluent. The lesions were largest in those animals with the greatest 
numbers of lesions, in general, and when only one or a few lesions were 
found in a given animal, these rarely measured more than 1 or 2 mm. in 
diameter. The tumors could be seen and palpated externally in those 
mice bearing large numbers of the larger lesions, which rarely reached over 
lcm. in diameter. In mice with pigmented hair, even the smallest nodules 
because of their dense pigmentation, were readily noted on the stretched 
pelt. In white mice, however, the smaller lesions were difficult to detect, 
and to find them it was necessary to hold the skin nearly at eye level in 
a strong light to take advantage of reflected light from the curved surfaces. 
The lesions tended to be distributed most heavily in the axillary regions 
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and skin over the shoulder girdle and neck, but were also observed in 
practically all other areas, including the skin of the legs. None were 
ever noted in the tail. 

Microscopically these tumors appeared to have their origin in the 
epithelium of the deep portions of the hair follicles, particularly in the 
bulb. A reconstruction of their development is as follows: The earliest 
lesion consists of an enlargement and an extension of the bulb deeper 
into the dermis. At this stage the hair shaft remains within the distal 
portion of the follicle, though true hair formation at the base has ceased 
(figs. 18 and 19). Mitoses in the swelling and lengthening bulb are in- 
creased, and collections of dendritic melanin-containing cells become 
prominent at the growing margins, as if attempting to keep pace with 
the epithelial proliferation. In many of the lesions at this early stage, 
eosinophilic intranuclear inclusions are found in the proliferative areas. 
These are identical in appearance to the inclusions previously observed 
by Stanton (40) in similar lesions induced by the agent of Stewart and 
Eddy. It is interesting that in our material, as in Stanton’s, the inclu- 
sions were lacking in the larger and presumably older lesions. A more 
detailed description of the inclusions will be published by Stanton. 

As the lesions expand and extend deeper into the dermis, the central 
portions undergo necrosis, often entrapping nests of the pigmented 
dendritic cells. The lengthening, tumorous follicle becomes coiled, and 
the end result is a greatly distended, sac-like structure connected to the 
follicle of origin, filled with necrotic material incorporating dead pigment 
cells and small calcific foci (figs. 20 and 21). The periphery of this struc- 
ture is made up of viable and proliferating epithelium in a stratum of 
about 10 to 30 cells in thickness. The advancing surface is sharply 
circumscribed and there is no evidence of infiltration of surrounding 
tissues. However, the lesions sometimes penetrate the dermis and com- 
press the panniculus carnosus as a result of simple expansion. 

Distally, the proliferating activity of follicular epithelium has not been 
observed to extend beyond the junction of follicle with sebaceous-gland 
neck (fig. 21). The epidermis has not been involved, and ulceration has 
not been observed. 


at 


Bone Tumors 


There is a question as to whether all the lesions designated here as 
“bone tumors’’ deserve this label, even under a liberal definition of the 
term ‘tumor.’ The term is used to cover the entire group, nonetheless, 
because all the lesions appear to represent variants of the same process, 
which in many instances, at least, was one of definite “new growth.” 
Basically, these lesions were characterized by proliferation of osteo- 
blasts, with variable degrees of associated osteoid and bone formation. 
The bones most commonly affected were the vertebrae, cranial bones, 
ribs, and sternum. In the vertebrae, cranium, and sternum, lesions 
within the medullary parts of the bone (endosteal) were frequently found 
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unassociated with either generalized swelling or enlargement of the bone 
or with any localized exostotic process. In these cases, the medullary 
cavity was occupied, in varying degree, by new bone formation which 
sometimes was so extensive as to result in complete ossification of the 
medullary cavity. In the least extensive examples, the osteoblastic 
activity resulted only in a thickening of the existing bone trabeculae 
(fig. 24). This thickening, however, was distinguishable from the under- 
lying normal bone by the larger osteocytes occupying the lacunae of the 
abnormal bone. Also, these osteocytes tended to exhibit more numerous 
and more prominent processes than normal osteocytes. The osteocytes 
in the lesions were more numerous per unit area than osteocytes in adja- 
cent normal bone. As a rule the bone matrix within a lesion appeared 
less extensively mineralized than normal bone matrix, as judged by a 
lack of distinct cement lines. There was no significant increase of osteo- 
clasts in these lesions. 

In contrast to these endosteal lesions, subperiosteal lesions appeared 
as definite swellings. In the cranium they formed rounded protuberances 
that made a depression on the surface of the brain. Occasionally these 
subperiosteal tumors occurred in the spinal canal as mushroom-shaped 
growths that compressed the cord and produced paralysis of the hind 
legs. In the ribs, they grew as fusiform swellings, usually in the proximal 
half of the rib. Small, nodular, bony enlargements of the ribs at the 
costovertebral junctions were also found (fig. 23). 

Microscopically the subperiosteal proliferations were identical with the 
endosteal ones already described. Sometimes in the skull subperiosteal 
lesions were found on both surfaces of the bone, with an endosteal lesion 
sandwiched between. In these instances it was not possible to determine 
whether one was dealing with multicentric tumors or with a single tumor 
that had extended through both tables of a bone. 

The majority of bone tumors lacked the usual histologic and cytologic 
criteria of malignancy, and we have not observed in our own material 
any distant metastases. Stanton (40), however, has noted pulmonary 
metastases from similar lesions. In our material there were a few ex- 
amples in which the tumors were microscopically more cellular, contained 
more frequent mitoses, and displayed much less bone formation than the 
majority. These appeared to represent cases in which a “higher grade”’ 
of the same basic change had taken place. 

One bone tumor deserves special comment. It was found in the upper 
right tibia, adjacent to the knee joint. Microscopically, it was composed 
of a mixture of cell types. The hematopoietic elements of the medullary 
cavity of the upper tibia were totally replaced by cells resembling normal 
adipose cells. However, at the metaphysis, similar adipose cells extended 
through the cortical bone and were contiguous with a mass of similar cells 
ensheathing the upper tibia. Within the mass of adipose tissue were 
small nests of cells, among which osteoid and bone were being formed. 
The margins of the adipose tissue were composed of flattened cells that 
appeared to be in the process of differentiating into adipose cells. Thus 
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within this tumor, differentiation appeared to be directed both toward 
osseous tissue and toward adipose tissue (fig. 25). 

A part of this tumor was transplanted to C3Hf x AKR mice, and has 
been carried through 21 transfer generations. In the early passages, it 
continued to produce both fat and bone (fig. 26), but gradually lost both 
of these signs of functional cells and now resembles an undifferentiated 
spindle-cell sarcoma. ‘Tissue from the first transfer generation was ex- 
planted into tissue culture and has been carried continuously for 16 months 
(strain GLBT). Even after this period in culture, some cells of adipose 
type continued to be produced in one tube. When cultures of this cell 
line were tested for presence of PTA (table 7), negative results were 
obtained. It appears, therefore, that tumors induced by PTA are not 
obligatory carriers of it, at least in demonstrable form. 


Adrenal Medullary Tumors 


Some of these measured up to approximately 1 cm. in diameter, while 
others could be detected only on microscopic examination. Grossly the 
cut surface was dark gray and soft. Microscopically, the chromaffin 
property was generally completely lacking in the tumor cells, and there 
was little to support the concept of medullary origin except location 
within the medulla, in the smallest examples. In some of these tumors, 
certain areas displayed staining and other morphologic. properties differ- 
ing from those of adjacent areas, which suggested multifocal origin fol- 
lowed by different degrees of progression. The tumors grew in a pattern 
of irregular cords and clumps of cells abundantly supplied with capillaries. 
In this respect they differed markedly from adrenal medullary tumors in 
mice not exposed to PTA. Tumors of the latter type have usually shown 


a distinctive pattern of cords or glandlike formations of low columnar 
cells. 


Renal Tumors 


Lesions of the renal-cortical tubules were very commonly observed, as 
indicated in text-figures 1 and 2. These lesions have been described pre- 
viously by Stewart et al. (35). We will therefore note here only that we 
have not as yet seen any unquestionable tumors originating from this 
type of lesion. Buffett et al. (12) have interpreted these lesions as pre- 
neoplastic, but justification for this opinion requires that some of the 
lesions should progress and extend beyond the boundaries of the tubules 
in which they originated. 

A number of spindle-cell tumors have been found in the renal medulla. 
Occasionally such a tumor filled the renal pelvis and produced hydrone- 
pbrosis. The cell origin of these tumors is debatable. We have been 
unable to find any convincing evidence of a possible epithelial origin and 
currently are inclined to believe they arise from intertubular connective- 
tissue cells of the medulla. Definite evidence of either smooth or striated 
muscle cells in these tumors has not been found. 
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Other Tumors 


Tumors of the intraorbital lacrimal glands have been noted and are 
histologically identical with those of the extraorbital lacrimal glands. 

Tumors of the submucosal glands of both serous and mucous type have 
been commonly found in the nasal passages, the oropharynx, the posterior 
tongue, and larynx. Histologically these tumors show only slight varia- 
_ tions from tumors of the salivary glands, and will not be further described 
here. In 6 RFM ard 2 AKR mice, early proliferations of the surface 
epithelium of the nasal mucous membrane were seen (fig. 31). Cells in 
these lesions showed the vacuolated nuclei characteristic of lesions asso- 
ciated with this agent. Lesions at this site have not been found as yet 
in any other strain. 

Small, cellular nodules that appear to represent early tumors of the 
urethral glands have been noted in 2 male mice. These lesions have a 
remarkably close resemblance to the early tumors of the salivary glands. 

All 5 harderian-gland tumors listed in table 5 were microscopic. The 
histologic pattern was nearly identical with that of salivary-gland tumors 
(fig. 22), except that in areas of less extensive alteration there was a 
papillary pattern. 

Tumors of the oral epithelium were found more often in the lower jaw 
than in the upper. A few displayed some of the characteristics of amelo- 
blastomas, particularly in areas where the epithelium was modified 
toward a stellate reticulum (fig. 28). Squamous areas were also present 
in these tumors, which appeared to take origin from the gingival epithelium 
adjacent to the dental alveoli (fig. 27). Growth was directed along the 
tooth root, and a grossly visible swelling was sometimes present at the 
root apex where the tumor expanded. Several mice with these tumors 
were runts, apparently as a result of difficulty in eating. 

Lesions of bronchial epithelium were noted in only 2 mice, one an AKR, 
the other a C58. These were proliferative lesions of the surface epithelium, 
but did not invade the bronchial wall (figs. 29 and 30). They were made 
up of cells with decreased cytoplasm and large, nonpolarized nuclei that 
often showed the “hollow” character peculiar to early lesions related to 
PTA. Cell necrosis was also present in these small proliferations. 


Metastases 


In this work, the only tumors that have been seen to produce metastases 
were of the parotid and the mammary types. Metastases from these 
tumors were found only in the lungs—metastases from the mammary 
tumors became established and grew in the lung, whereas all those that 
were clearly of parotid origin were contained as emboli within the pul- 
monary vessels (fig. 32). Occasionally several larger arteries were plugged 
with tumor, and incomplete infarcts of the parenchyma occurred. In the 
series of 232 salivary-gland tumors, embolic pulmonary metastases from 
these tumors were observed 25 times. Free tumor emboli were found 
twice in the right ventricle of the heart. It is our impression that such 


VOL. 28, NO. 4, OCTOBER 1959 


d 
aS 
it 
th 
X~ 
hs 
se 
al] 
re 
ot 
le 
1e 
in 
re 
yn 
Ss, 
r- 
- 
S. 
in 
m 
ar 
as 
ve 
ne 
es 
a. 
e- 
on 
id 
od 
TE 


758 DAWE, LAW, AND DUNN 


embolic metastases occur more commonly in animals bearing the largest 
tumors. 


Attempts at Transplantation of Tumors and/or Lesions 


Our previous attempts to transplant pleomorphic tumors of the parotid 
gland met with only moderate success (1). Where successful serial 
transfers into recipients of the proper genotype were achieved, a sarcoma- 
like pattern evolved and predominated. In the present study, 5 of 7 
parotid-gland tumors grew progressively and in serial transfer. Three of 
4 mammary neoplasms, an adrenal medullary neoplasm, a bone tumor, 
and a sarcoma of the kidney all grew progressively in appropriate hosts 
and these were carried serially for at least 2 additional transfers. How- 
ever, no progressively growing tumors have been observed after trans- 
plantation of 14 epitheliomas of the thymus, 4 thyroid tumors, and 2 
hair-follicle tumors. Intravenous transfers of thymic tumors in day-old 
mice have also been unsuccessful. 


DISCUSSION 


This study has used a number of new methods for the investigation of 
problems related to the PTA, but these same methods have not been 
fruitful thus far in disclosing a cell-free, leukemia-inducing agent. This 
work indicates that there is no positive relationship between PTA and 
the occurrence of leukemia in mice. It is still possible that a negative 
or inverse relationship exists, and that PTA may block the manifestation 
of a leukemia agent. 

Even this seems unlikely, judging from the published results of other 
laboratories [Gross (41), Stewart (3, 13), and Latarjet and de Jaco (9)], 
in which increased incidence or an earlier appearance of leukemia, as 
well as increased incidence of parotid tumors, has been observed after the 
injection of a single preparation derived from leukemia tissue. Gross 
(41) and Latarjet and de Jaco (9) have reported parotid tumors in the 
same animals in which leukemia was present. We are at a loss, therefore, 
to explain our failure to alter the incidence of leukemia with any cell-free 
tissue extract or tissue-culture material that we have tested. We would 
indeed be hard pressed to select from our data any to indicate a filtrable 
leukemia-inducing agent. The only observation of possible significance 
resulted when direct filtrates of L-10813 were used. Leukemias were 
observed in 4 of 18 C3H XX AKR mice at less than 6 months of age 
(table 3). This is meager evidence for an accelerating factor. 

It is possibly relevant that neither tissue cultures nor direct filtrates 
of L-10813 induced a significant number of parotid tumors, whereas the 
two other leukemias of C3H/Gs origin (“passage A” series of Gross) 
showed no leukemia-inducing activity, but abundant parotid tumor- 
inducing activity. This suggests an inverse relationship between exposure 
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to A and the incidence of leukemia. A lowered incidence of leukemia 
in (C3H XK AKR)F, mice that had received extracts of leukemic tissue 
was reported by Law, Dunn, and Boyle (1), and Buffett et al. (12) have 
recently observed a change in this same direction, though the difference 
was not marked. The evidence is accumulating against the possibility 
that PTA is also capable of inducing or of accelerating leukemia. 

The observation by Rabson and Legallais (20), that PTA of a strain 
developed by Stewart and Eddy, as well as the one developed by us, 
could produce CPE in strain P388 D, has opened new fields for investiga- 
tion of these agents which are presumably identical or closely related. 
Roweet al. (42) have observed that CF antibody for SE polyoma virus reacts 
identically with our agent. It should be pointed out that both our material 
and that of Stewart and Eddy trace back ultimately to AKR leukemic 
tissue from Gross’s laboratory. Both materials have been found to 
produce CPE in P388 D, cultures, and the variety of tumor types induced 
by them appears to be very similar. Eddy and Stewart (2/) originally 
reported propagation of their agent first on monkey kidney and then on 
normal mouse-embryo cultures (43). It would be interesting to know 
whether propagation of the agent in normal cell systems would result in 
the emergence of a strain different from one that has been passed 
through a culture cell strain of leukemic origin, such as P388 D,. 

Concerning the nature of PTA, little can be added from the observa- 
tions reported here. Filtrability is reconfirmed, and replication of the 
factor responsible for CPE in tissue culture appears certain when potency 
is demonstrated, following a dilution factor of 10-* by the tenth passage. 
These features are consistent with a viral nature of the agent. More 
convincing of the microbial nature of the agent are the data that account 
for litter immunity on the basis of maternal infection and antibody 
development. 

We have no information bearing critically on the questions as to whether 
more than a single agent is involved, whether the agent that produces 
CPE is also directly responsible for the induction of the various tumors, 
or whether or not the agent may exist in different degrees of biologic or 
chemical complexity. Our experiments were designed primarily as 
exploratory moves in search of a leukemia agent and have resulted only 
in development of methods of investigation of PTA. 

The relationship of PTA to leukemia cells in vivo needs study. Two of 
the three leukemic cell strains received from Gross proved to bear the 
agent, but in one it was not demonstrated. Somewhat equivocal evidence 
of its presence was obtained for the methylcholanthrene-induced DBA/2 
lymphoma, P388. The latter neoplasm deserves much more careful study 
because of the possibility that the morphologic transformation of P388 
lymphoma cells in vitro may have been caused or influenced by PTA 
carried within the tissues in vivo. It would be instructive to select trans- 
plantable strains of leukemias that do not give evidence of carrying PTA, 
and to observe the effect of deliberately inoculating them with PTA. 
It is important to determine whether PTA is contained on or within 
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leukemia cells themselves or in some stromal cell element such as the 
histiocyte (macrophage), which is always much in evidence in primary 
tissue cultures of leukemias. 

The possibility of natural transmission of PTA from mouse to mouse 
within a colony complicates all experiments in this field. It must be con- 
sidered in all experimental planning and in the interpretation of the 
results. During our observation we have not seen an animal develop 
parotid tumors unless it had received some type of material by injection. 
However, the development of parotid tumors in 2 of 64 mice that, as 
controls, received tissue-culture medium alone should be explained. This 
result might be obtained if the agent were present in the medium LN40, 
or it might result if PTA were present on the skin surface and introduced 
into the subcutaneous tissues by the needle. It might also be the result 
of activation of latent agent by nonspecific effects of the inoculum (foreign 
protein) or the injection procedure (traumatic stress). Woolley’s (8) 
observation that parotid tumors could be induced by cortisone treat- 
ment of certain strains of mice supports either the possibility that a 
stress reaction facilitates the tumor-inducing effect or the concept that 
parotid tumors of mice can be induced by more than one factor (virus, 
steroid). Because of these complications it will be necessary, in future 
work, to have sensitive methods for detection of the latent agent in test 
animals, as well as for prevention of exposure of test animals to the agent 
by whatever routes it may travel (air-borne particles, food, bedding, 
insect vectors, etc.). Information in this regard has recently been ob- 
tained by Rowe et al. (26) using the complement-fixation test (42) and 
hemagglutination inhibition reaction (44) in a survey of animals of 
several mouse colonies. 

Whatever the physical and biochemical properties of PTA eventually 
prove to be, observations of a biologic type concerning the interaction of 
host and agent have established certain cardinal facts that will be of 
value in explaining the mechanism of tumorigenesis when this agent is 
involved. These facts, taken from work of others as well as our own, may 
be listed as follows: 

1. The importance of age to host susceptibility. The optimal age of 
susceptibility is still unknown and may even lie in the prenatal period. 
However, it is established that susceptibility to tumor induction dimin- 


‘ishes progressively after birth and virtually disappears at or before 


weaning, if the subcutaneous route of inoculation is used in otherwise un- 
treated mice. It appears that total-body X irradiation can modify 
“age” resistance, and it is necessary now to determine whether X irradia- 
tion exerts its effect through impairment of immune responses or through 
some direct effect on the cells that grow into tumors. 

2. The multicentric origin of tumors within a given organ. 

3. The selection of a limited group of tissue sites in a given species. 
In the mouse these are the salivary glands, extraorbital lacrimal glands, 
accessory salivary glands of oronasopharynx, submucosal glands of upper 
respiratory tract, thymus, thyroid, breast, hair follicles, adrenal medulla, 
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renal pelvic connective tissues, bones, and subcutaneous connective tis- 
sues. Although it is true that this is an ostensibly diverse array, and that 
occasional additional sites have shown involvement, tumors are generally 
limited to these sites. It is stressed also that tumors of other sites are 
relatively rare in comparison with the incidence of salivary-gland tumors 
and, with certain preparations, of thymic epitheliomas. Such tissues as 
the central and peripheral nervous system, epidermis, blood-forming ele- 
ments, pancreas, liver, genital tract, skeletal, cardiac, smooth muscle, and 
epithelium of the alimentary tract generally appear exempt. 

At the present time, one should sensibly be reluctant to choose a ‘‘com- 
mon denominator” of the various organs in the mouse that have proved 
susceptible to this agent. However, the majority of the tissues that 
develop tumors have the common characteristic that they are incom- 
pletely developed at birth and must continue to proliferate and to dif- 
ferentiate for some time afterward. Thus, most of the organs involved 
fall into the class of “‘appendages” or terminal derivatives of major 
systems: The mammary glands and hair follicles are appendages of the 
epidermis; the salivary glands, submucosal glands of oronasopharynx, 
odontogenic epithelium, the thyroid gland, and the thymus are append- 
ages of the alimentary tract. To use a metaphor somewhat freely, PTA 
appears to produce a disease of certain twigs and leaves of the ontogenetic 
tree, rather than of the trunk and major branches. One is tempted to 
wonder whether the analogy may apply to similarities between “‘suscepti- 
bility” to the agent and “competence” to respond to morphogenetic 
evocators. Some explanation is needed to account for the refractoriness 
of such “twigs and leaves” as the parathyroid gland, liver, and pancreas, 
to mention only a few exceptions to the proposed rule. 

4. The susceptibility of several species [mouse, rat (45), hamster (46)] 
to the agent, and the occurrence of a different range of characteristic 
tumor types in each species. It seems likely that a definite range of 
species and organ susceptibility will eventually be delineated. 

5. The histologic characteristics and the sequence of cytologic changes 
during the development of tumors at several different sites are similar in 
the mouse. Thus, the first changes in the salivary glands, submucosal 
glands of upper respiratory tract, and thyroid are the loss of the specific 
differentiative characteristics of the cytoplasm of the cells, with trans- 
formation to a less clearly differentiated form. Since this initial change 
appears to progress at different rates and in varying degrees at different 
foci within a given organ, it leads to a wide range of states of cell trans- 
formation that altogether gives the pleomorphic picture characteristic of 
these tumors. 


REFERENCES 


(1) Law, L. W., Dunn, T. B., and Bortz, P. J.: Neoplasms in the C3H strain and 
in F, hybrid mice of two crosses following introduction of extracts and filtrates 
of leukemic tissues. J. Nat. Cancer Inst. 16: 495-539, 1955. 


VOL. 28, NO. 4, OCTOBER 1959 


e 
y 
e 
e 
’ 
d 
t 
) 
t 
y 
t 
t 
1 
f 
y 
f 
f 

f 


(3) 


(4) 


(6) 


(6) 


(7 


(8) 
(9) 


(10) 


(11) 


(12) 


(13) 


(14) 
(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


DAWE, LAW, AND DUNN 


Gross, L.: A filterable agent, recovered from Ak leukemic extracts, causing 
salivary gland carcinomas in C3H mice. Proc. Soc. Exper. Biol. & Med. 83: 
414-421, 1953. 

Stewart, S. E.: Leukemia in mice produced by a filterable agent present in AKR 
leukemic tissues with notes on a sarcoma produced by the same agent. Anat. 
Rec. 117: 532, 1953. 

: Neoplasms in mice inoculated with cell-free extracts or filtrates of 
leukemic mouse tissues. I. Neoplasms of the parotid and adrenal glands. 
J. Nat. Cancer Inst. 15: 1391-1415, 1955. 

Gross, L.: “Spontaneous” leukemia developing in C3H mice following inocula- 
tion, in infancy, with Ak-leukemic extracts, or Ak-embryos. Proc. Soc. 
Exper. Biol. & Med. 76: 27-32, 1951. 

: Studies on the nature and biological properties of a transmissible agent 
causing leukemia following inoculation into newborn mice. Ann. New 
York Acad. Se. 68: 501-521, 1957. 

Dutaney, A. D.: Parotid gland tumor in AKR mice inoculated when newborn 
with all-free Ak leukemic extracts. Cancer Res. 16: 877-879, 1956. 

Woottey, G. W., and Smauu, M. C.: Strain specificities of leukemia agent. 
Ann. New York Acad. Se. 68: 533-539, 1957. 

LaTaRJET, R., and pE Jaco, M.: Production de cancers multipler chez des souris 
AKR agent recu un extract leucemique a-cellulaire isologue. Compt. rend. 
Acad. se. 246: 499-501, 1958. 

LataRsET, R., Repeyrrotru, N., and Movustaccui, E.: Production de cancers 
multipler chez des souris, avant recu de l’acide nucleique extrait de tissue 
leucemiques isologues un homologues. Compt. rend. Acad. sc. 246: 853- 
855, 1958. 

Roget, R., and Rupaut, G.: Production de tumeurs epitheliales chez les souris 
a l’aide d’extraits a-cellulaires saccharosignes de lymphosarcomes. Bull. 
du Cancer 44: 483-492, 1957. 

Burrert, R. F., Commerrorp, S. L., Furrs, J., and Hunter, M. J.: Agent in 
Ak leukemic tissues, not sedimented at 105,000 g, causing neoplastic and non- 
neoplastic lesions. Proc. Soc. Exper. Biol. & Med. 99: 401-407, 1958. 

Stewart, 8S. E.: Neoplasms in mice inoculated with cell-free extracts or filtrates 
of leukemic mouse tissues. II. Leukemia in hybrid mice produced by cell-free 
filtrates. J. Nat. Cancer Inst. 16: 41-53, 1955. 

Woo.tey, G. W., and Smauu, M. C.: Experiments on cell-free transmission of 
mouse leukemia. Cancer 9: 1102-1106, 1956. 

Dutaney, A. D., Maxey, M., Scuitiie, M. G., and Goss, M. F.: Neoplasms in 
C3H mice which received Ak-leukemia extracts when newborn. Cancer Res. 
17: 809-814, 1957. 

Rupaul, G., Dupian, J. F., and Latarset, R.: Latence des leucoses chez des 
souris Ak injectees avec un extrait leucémique a-cellulaire Ak. Compt. 
rend. Acad. sc. 242: 837-839, 1956. 

Hayes, E. F., Simmons, N. 8., and Beck, W. S.: Induction of mouse leukemia 
with purified nucleic acid preparations. Nature, London 180: 1419-1420, 
1957. 

Rows, W. P., and others: Isolation of cytopathogenic agent from human 
adenoids undergoing spontaneous degeneration in tissue culture. Proc. Soc. 
Exper. Biol. & Med. 84: 570-573, 1953. 

Dawe, C. J., and Porrer, M.: Morphologic and biologic progression of a lymph- 
oid neoplasm of the mouse in vivo and in vitro. Am. J. Path. 33: 603, 1957. 

Rasson, A. S., and Lecatuais, F. Y.: Cytopathogenic effect produced by poly- 
oma virus in cultures of milk-adapted lymphoma cells (strain P388 D,). Proc. 
Soc. Exper. Biol. & Med. 100: 229-233, 1959. 

Eppy, B. E., Srewart, 8S. E., and BerKeLey, W.: Cytopathogenicity in tissue 

cultures by a tumor virus from mice. Proc. Soc. Exper. Biol. & Med. 98: 

848-851, 1958. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


ay 
762 
(2) 
= 
|_| 
fi 
|_| 
re |_| 
4 
|_| 


TE 


PAROTID-TUMOR AGENT IN LEUKEMIA CULTURES 763 


(22) Dunn, T. B.: Normal and pathologic anatomy of the reticular tissue in laboratory 
mice, with a classification and discussion of neoplasms. J. Nat. Cancer 
Inst. 14: 1281-1433, 1954. 

(23) Potrer, M.: Personal communication. 

(24) Gross, L.: Development and serial cell-free passage of a highly potent strain 
of mouse leukemia virus. Proc. Soc. Exper. Biol. & Med. 94: 767-771, 1957. 

(25) Dawe, C. J., Porrer, M., and LercuTon, J.: Progressions of a reticulum-cell 
sarcoma of the mouse in vivo and in vitro. J. Nat. Cancer Inst. 21: 753-781, 
1958. 

(26) Rowen, W. P., Hartiey, J. W., Law, L. W., and Huresner, R. J.: Studies of 
mouse polyoma virus infection. III. Distribution of antibodies in laboratory 
mouse colonies. J. Exper. Med. 109: 449-462, 1959. 

(27) Mrranp, E. A., Mount, D. T., Moors, G. E., Grace, J. T., Jr., and Soxat, 
J. E.: Induction of tumors by a virus-like agent(s) released by tissue culture. 
Proc. Soc. Exper. Biol. & Med. 99: 1-5, 1958. 

(28) Gross, L.: Transmission of Ak leukemic agent into newborn mice of the C57 
brown/cd inbred line. Proc. Soc. Exper. Biol. & Med. 86: 734-739, 1954. 

: Leukemic filtrates inducing leukemia or parotid tumors after inoculation 
into newborn mice less than 16 hours old, and leukemia only when inoculated 
into suckling mice 1-14 days old. Proc. Am. Assoc. Cancer Res. 2: 304, 1958. 

(30) DeBruyn, W. M.: In vitro cultivation of malignant lymphoblasts of trans- 
plantable mouse lymphosarcoma MB(T86157) without typical mesenchyme 
cells. Bijdr. Dierk. 28: 77-85, 1949. 

(31) Rasson, A. 8.: Personal communication. 

(32) Takemoto, K. K., and Hasen, K.: Virus-cell relationship in a carrier culture 
of HeLa cells and Coxsackie A9 virus. Virology 7: 28-44, 1959. 

(33) Rupaut, G., Dupuan, J. F., and Lararset, R.: Leucemogenese chez des souris 
AKR injectees a la naissance avec un extrait leucemique aqueux isologue. 
Bull. du Cancer 44: 440-443, 1957. 

(34) Law, L. W., Rowsz, W. P., and Harrier, J. W.: The relationship of parotid 
tumor (polyoma) agent and lymphocytic neoplasms of the mouse. In prepa- 
ration. 

(35) Stewart, E., Eppy, R. E., Gocenour, A. M., Gorcen, N. G., and Gruss, 
G. E.: The induction of neoplasms with a substance released from mouse 
tumor by tissue culture. Virology 3: 380-400, 1957. 

(36) Srewarrt, 8. E., Eppy, B. E., and Borcrsge, N.: Neoplasms in mice inoculated 
with a tumor agent carried in tissue culture. J. Nat. Cancer Inst. 20: 1223- 
1243, 1958. 

(37) CasTLeMAN, B.: Tumors of the thymus gland. Atlas of Tumor Pathology, 
Section V-Fascicle 19. Washington, D.C., Armed Forces Inst. of Pathology, 
1955, p. 8. 

(38) ANpeRvont, H. B., Dunn, T. B., and Canter, H. Y.: Susceptibility of agent- 
free inbred mice and their F; hybrids to estrogen-induced mammary tumors. 
J. Nat. Cancer Inst. 21: 783-811, 1958. 

(39) Furrapo-D1as, M. Tu.: Lesions testiculaire et adenocarcinome spontane de la 
mamelle chez les souris de la lignee He. Origine de la lignee He. Arq. Pat. 
22: 404-411, 1950. 

(40) Sranton, M. F.: Personal communication. 

(41) Gross, L.: Filterable agent causing leukemia following inoculation in mice. 
Texas Rep. Biol. & Med. 15: 603-626, 1957. 

(42) Rowe, W. P., Hartiey, J. W., Bropsxy, I., and Huesner, R. J.: Complement 
fixation with a mouse tumor virus (S.E. polyoma). Science 128: 1339-1340, 
1958. 

(43) Eppy, B. E., Stewart, S. E., and Grusss, G. E.: Influence of tissue culture 
passage, storage, temperature and drying on viability of SE polyoma virus. 
Proc. Soc. Exper. Biol. & Med. 99: 289-292, 1958. 


(29) 


VOL. 23, NO. 4, OCTOBER 1959 


ig 
3: 
R 
t. 
of 
s. 
Cc. 
it 
Ww 
t. 
‘is 
a. 
rs 
1e 
‘is 
ll. 
in 
n- 
es 
ee 
of 
in 
es 
rt. 
ia 
0, 
an 
h- 
a 
Cc. 
ue 
8: 


764 DAWE, LAW, AND DUNN 


(44) Eppy, B. E., Rows, W. P., Hartriey, J. W., Srewarr, S. E., and Huresner, 


R. J.: Hemagglutination with the SE polyoma virus. Virology 6: 290-291, 
1958. 


(46) Eppy, B. E., Stewart, 8. E., Stanton, M. F., and Marcorrs, J. M.: Induc- 
tion of tumors in rats by tissue-culture preparation of SE polyoma virus. 
J. Nat. Cancer Inst. 22: 161-171, 1959. 

(46) Eppy, B. E., Stewart, S. E., Youne, R., and Miper, G. B.: Neoplasms in 
hamsters induced by mouse tumor agent passed in tissue culture. J. Nat. 
Cancer Inst. 20: 747-761, 1958. 


q 
Ree 
“ay 


PLATES 


511629—59—_-18 


ic- 
Is. 
in 
at. 


PAROTID-TUMOR AGENT IN LEUKEMIA CULTURES 


Piate 51 


Figure t.-Section of thymus gland from 2l-day-old (C3Hf AKR)F,; mous 
inoculated at birth with first passage of PTA in P3888 D, culture. The ventral 
cortex (above and to left of pale medulla) is hyperplastic and less intensely stained 
because of diffuse proliferation of thymic epithelium. (See also fig. 3.) XX 24 


Figure 2.—-Foeal solitary epithelial tumor in thymus of a 4-month-old (C3Hf 
AKR)F,; mouse that received material from short-term culture of leukemia from 
Gross’s induction experiments (GLTC,; see table 2). Necrosis is present in center 
of tumor. This lesion was not detected grossly. X 69 
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PLatTE 52 
Figure 3.—Section of thymic cortex from same animal shown in figure 1. \, 
closely packed proliferating thymic epithelium (pale cells) immediately benea 
capsule and along capillaries perpendicular to capsule. This represents the earlic-| 
detectable stage in development of the diffuse type of thymic epithelioma. X 565 
FIGURE 4, 


Section of large thymie epithelial tumor in 4-month-old (C3Hf K AKR)!; 


mouse that received material from short-term culture of leukemia of Gross’s indiuc- 
tion experiments (GLTC,; see table 2). 


capsule, which is still recognizable, running obliquely through center of field. 
here are round or spindled and have little resemblance to epithelium. 


Tumor has invaded beyond the thymic 
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Ficure 5.—Section of another area of same tumor shown in figure 4. Note epithelia! 
characteristics of cells palisaded around blood vessels. 850 


Figure 6.—Section from same tumor shown in figures 4 and 5. Palisaded epithelium 
is separated from capillary wall by weakly staining fluid that is not visible here 


Cells away from vessels show lack of epithelial characteristics. Note similarity of 
histologic picture shown in figures 5 and 6 to that of human thymie tumors illustrated 
in Castleman’s figure 34 and plate IIT-A (37). 
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Ficure 7.—Same thymic epithelioma shown in figure 6, with more extensive collec- 
tions of fluid between tumor and vessels, and formation of large ‘‘lakes.”” 400 


Ficure 8.—Higher magnification of an area from figure 7. Note epithelial character 


of cells at interface between tumor and coagulated fluid. A capillary is present 
between the two cell masses. X 650 
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Figure 9.—(Strain C3Hf/Bi female, age 244 months, inoculated when newborn with 
first passage of PTA in P388 D, culture.) Mammary gland, early neoplastic 
change. Note dilated duct-like spaces lined by an inner layer of basophilic cuboidal 
cells and outer layers of paler, more oval cells. Mitotie figures are seen in both 
inner and outer layers, but proliferation is more active in outer layers, with resultant 
narrowing of luminal spaces. Hematoxylin and eosin. >< 400 


Figure 10.—(Strain C3Hf/Bi female, age 244 months, inoculated-when newborn with 
first passage of PTA in P388 D, culture.) Proliferating cells in duct-like spaces. 
Note papillary projection into lumen. At top right is the margin of a mass of 
neoplastic cells with a crescentic space at left margin. > 210 


Figure 11.—Another area from same tumor. Nofe masses of neoplastic cells, prob- 
ably a further development from duct-like structures. Nolte crescentie spaces lined 
by more basophilic cuboidal cells. > 135 


772 
‘ 
| 
By: 
| 
| 
ay 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 23 PLATE 55 


DAWE, LAW, AND DUNN 


~ “ 
aes 
} 
‘“ (NN 
773 


DAWE, LAW, AND DUNN 


56 


Figure 12.—(Strain C3Hf/Bi female, age 2 months, inoculated when newborn with 
first passage of PTA in P388 D, culture.) Area from large mammary tumor 
showing necrosis in lower left, epithelial cells in center, and pale fusiform cells on 


right. X 210 


Figure 13.—(Strain C3Hf/Bi male, age 7 months, inoculated when newborn with 
short-term culture from leukemia of Gross (GLTC,).) Area from large mammary 
tumor showing resemblance to parotid-gland tumors. Note space lined by cuboidal 
cells and pale fusiform cells between. X 400 
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mtd ‘ Figure 14.—Thymice epithelial tumor in an ectopic focus of thymic tissue adjacent 


to a parathyroid gland (left), and within the thyroid capsule. This animal also 
had a thymic tumor involving the intrathoracic thymus. X 135 


Ficgure 15.—Two small thyroid tumors, one in each lobe of the thyroid gland of a 
3-month-old C3Hf/Bi mouse that had received the first passage of PTA in P388 D, 
cultures. Nole presence of colloid within tumor on left. X 50 


we 
| 
Fava, 
-, 
{ 
4 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 23 PLATE 57 


DAWE, LAW, AND DUNN 


777 


DAWE, LAW, AND DUNN 


PLate 58 


Ficure 16.—Thyroid containing multiple early lesions in a 2-month-old (C3H! 
< AKR)F; mouse that had received PTA after first passage in P388 D, cultur 
Dark areas in upper right contain many lymphocytes and plasma cells not identi- 
fiable at this magnification. < 85 


Figure 17.—Higher magnification of portion of field shown in figure 16. Some 
cells of this follicle (upper right) show no alteration, while cells on left have enlarged 
nuclei and are proliferating to form a mass that displaces colloid. Note some 
nuclei with large nucleoli and others with large clear, vacuole-like areas. X 690 
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Figure 18.—Tumors of hair follicles in 3-month-old (C3Hf & AKR)F,; mouse that 
received at birth PTA from first passage in P3888 D, cultures. Note tumors of 
varying size and stage of development from hair follicles. Panniculus carnosus 
is not invaded. 85 


Figure 19.—Higher magnification of follicle included in figure 18.  Nole retention 
of hair shaft in this relatively early lesion. Mitoses are visible among proliferating 
cells of the bulb. >< 260 
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Ficure 20.—Advanced hair-follicle tumors in a 2-month-old C3Hf/Bi mouse. Centra 
portion of largest tumor is completely necrotic, as well as peripheral portion at left. 
Underlying mammary tissue is not invaded. > 15 


Fiaure 21.—Higher magnification of tumor shown in figure 20. Nole limitation of 
proliferative process to follicle below neck of sebaceous gland. > 200 


Figure 22.—Low magnification of tumor of harderian gland in a 2-month-old C58 
mouse inoculated at birth with PTA after first passage through P3888 D,. Cystic 
areas within tumor are similar to those often present in extraorbital lacrimal-gland 


tumors. 90 
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Figure 23.—Bone tumor in a 3.5-month-old C3Hf/Bi mouse that received at birth 
material from short-term leukemia culture (GLTC,). Tumor arises from a rib 
near its articulation with the transverse process of a thoracic vertebra. Note 
peripheral cellular proliferation with central osteoid and bone formation. XX 35 


Ficure 24.—Bone lesions in vertebral body of a 3-month-old C3Hf/Bi mouse that 
received at birth material from short-term leukemia culture (L-12289). Lesion is 
chiefly endosteal, though there is also subperiosteal activity at the left. New 
osteoid is being laid down around pre-existing normal bone trabeculum (right) and 
on both sides of cortical plate (left). X 430 
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Figure 25.—Primary mixed tumor of fat and bone in medullary cavity of tibia of 
4-month-old (C3Hf & AKR)F; mouse. Animal had received at birth filtrate of 
short-term culture of leukemia (GLTC,)). 210 


Figure 26.—-First transfer generation of tumor shown in figure 24. Differentiation 
of proliferating cells into adipose cells peripherally and osteocytes centrally is more 
clearly evident here than in the primary. X 55 
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Figure 27.—Tumor apparently originating from odontogenic epithelium, in 4..- 
month-old C3Hf/Bi mouse that received at birth short-term culture material «/ 
leukemia (L-12289). Tumor is situated between maxillary bone and tooth root o! 
upper incisors. Pattern resembles cystic basal-cell epithelioma. > 90 


Figure 28.—-Tumor resembling ameloblastoma in mandible of 2.5-month-old (C3Hf 


AKR)F;, mouse that received first passage of PTA in P388 D, culture. Ameloblast- 
like cells palisaded in upper right and at left; stellate reticulum at middle righ/; 
squamous epithelium in upper center and, with keratinization, at far left. X 430 
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Figure 29.—-Lesion of terminal bronchiolar epithelium in 32-day-old AKR mouse 
that received first passage of PTA in P3888 D, culture. Note disorganization of 
epithelium, large nuclei and nucleoli, and some nuclei with clear, vacuole-like areas. 
A few normal bronchial epithelial cells are present at upper left. 


Alveolar duet at 
lower right. * 690 


Ficure 30. 


Lesion of terminal bronchiolar epithelium in 57-day-old C58 mouse 


that received same material as animal illustrated in figure 29. 
are similar to those in figure 29. 


430 


Kpithelial changes 
Normal bronchial epithelium in left center. 
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Fiaure 31.—Proliferative lesion of surface epithelium of nasal mucosa in 2-month-o!:! 
RFM mouse that received first passage of PTA through P388 D, culture. Di-- 
organized epithelial cells with enlarged nuclei on the upper surface of turbinaic 
process, normal epithelium on lower surface. > 430 ? 


Figure 32.—Intravascular pulmonary tumor embolus from a salivary-gland tumor in 
a 2.5-month-old C3Hf/Bi mouse that received short-term culture of thymie tumor 
(TT-427, table 9). Glandular pattern is evident in the tumor embolus, which is 
separated from the lower wall of the vessel. > 410 
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Figure 33.—Living control culture of P3888 D, continuous cell strain in) mediu: 
LN40. 200 

Figure 34.—Living P3888 D,; culture showing eytopathogenic effect 6 days afte: 
inoculation with fifth passage of PTA in this cell line. Note clumping of cells and 
multinucleated giant ecélls. 200 


Picure 35.—Living P388 D, carrier culture 7 months after a single exposure to PTA. 
Note grouping of cells into spheres and rosettes, and extension of long filamentous 
cytoplasmic processes. >< 200 
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Ficure 36.—Fixed and stained coverslip culture of P3888 D, control. Hematoxylin 
and eosin. > 690 


Figure 37.—Fixed and stained coverslip culture of P388 D, cells showing eytopath- 


ogenic effect 6 days after inoculation with fifth passage of PTA in this cell line. 
Giant cell shows numerous focal areas in cytoplasm with increased intensity of 
staining by eosin. Adjacent cells show multiple cytoplasmic “buds.” Hema- 
toxylin and eosin. > 570 
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Localization of Radioiodinated Rat Fibrinogen 
in Transplanted Rat Tumors '’ 


EUGENE D. DAY, JAKOB A. PLANINSEK, and DAVID 


PRESSMAN,' Department of Biochemistry Research, 


SUMMARY 


Radioiodinated rat fibrinogen localized 
in three different transplantable rat 
tumors during the initial inflammatory 
reaction of the host to the implant and 
during the rapid growth stage of the 
tumor. Extent of localization during 
inflammation paralleled the amount of 
tissue inflamed; extent of localization 
during subsequent tumor growth paral- 
leled rate of tumor growth. In the 
Murphy-Sturm lymphosarcoma at its 
most vigorous state (10 gm., 8 days after 


Roswell Park Memorial Institute, Buffalo, New York 


venously injected fibrinogen localized 


in the tumor in 6 hours as the tumor 


grew nearly two more grams. Disap- 
pearance of labeled fibrinogen from 
the tumors was slower than that of 
labeled fibrinogen from the blood, but 
when antifibrin antibodies were pres- 
ent, the disappearance of labeled 
fibrinogen from both was markedly 
hastened without a parallel disap- 
pearance of antibody.—J. Nat. Cancer 
Inst. 23: 799-812, 1959. 


implantation), 40 percent of the intra- 


IN A previous report we showed that radioiodinated rat fibrinogen 
localized, presumably by conversion to and fixation as fibrin, in the 
Murphy-Sturm rat lymphosarcoma and in three other transplanted rat 
tumors (1); however, the focus of our attention in those studies had 
been on antibody directed against fibrinogen and fibrin, and on the mode 
of localization of such antibody in rat tumors. Spar, Bale, and Goodland 
(2-4) have confirmed those findings. 

In the experiments described here, we examined in more detail the 
localization of radioiodinated fibrinogen itself at different stages in the 
growth of transplanted rat tumors, including the initial inflammatory 
reaction during the first few days after implantation and the terminal 
growth phase leading to death of the tumor-bearing host. We also 
measured the localization of fibrinogen in the inflamed areas of rats, in 
which implants of sterile gauze had been made to ascertain the extent 
of fibrinogen fixation during a typical, nonspecific, foreign-body reaction. 
| Received for publication March 30, 1959. 


2 This work was supported in part by a contract with the U.S. Atomic Energy Commission, and was presented 
at a meeting of the American Association for Cancer Research, Atlantic City, April, 1959. 


+ The authors wish to acknowledge the assistance of Miss Marilyn Sanden, Miss Janice Orr, and Mr. Eugene 
Kanski, 
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EXPERIMENTAL PROCEDURES 


Preparation and properties of radioiodinated rat fibrinogen.—The details 
of preparation and radioiodination of the rat fibrinogen used here have 
been described (1). The concentration of each fibrinogen solution after 
iodination (ca. 20 mg. in 20 ml.) was brought to 0.1 mg. per ml. (tenfold 
dilution) with borate-buffered (pH 8) 0.9 percent NaCl. Dialyzable 
radioactivity was less than 0.5 percent in each case. Clottability of the 
fibrinogen preparations with thrombin ranged from 87.4 to 89.6 percent 
as based on radioactivity counts. The specific radioactivity of each 
preparation (approximating 10 yc./mg. fibrinogen) remained constant 
after precipitation from NaCl (3.16 m). The intravenous dose given each 
rat was 2.0 ml. containing 0.2 mg. and 2 uc. radioiodinated fibrinogen. 
No carrier protein was added. 

The dilute radioiodinated fibrinogen solutions were stable in vitro at 
8° C., with respect to clottability and recovery tests, for 2 weeks or more; 
however, there appeared to be some change even after only 4-day storage, 
with respect to an additional test carried out in vivo in normal rats. In 
terms of the intravenously injected radioactive dose, the average amount 
of radioactivity for freshly iodinated material still present in the blood of 
twenty-four 100-gm. rats, after 1 day, was 7.5 + 0.9 percent ml.; the 
average amount in whole thyroid, 1.5 + 1.1 percent. For preparations 
stored for more than 4 days before injection, the levels of radioactivity 
in blood assayed lower; in thyroid, higher. As an extreme case, only 
1.8 percent per ml. of one 2-week-old preparation, when assayed in vivo 
in 4 rats, was found in the blood; in the thyroid, 13 percent. To insure 
uniformity throughout the experiments, preparations were not used if 
they were in solution more than 3 days after iodination, and each was 
tested routinely for clottability and dialyzability. Such caution was 
necessary here since, in tumor-bearing animals, the blood levels of radio- 
activity could not reliably serve as indexes of protein integrity. In 
such animals, at certain stages of tumor growth, blood levels of radio- 
activity for even freshly iodinated fibrinogen may be as low as 75 percent 
of normal. 

When plasma was obtained from several normal rats one-half hour 
after injection of radioiodinated fibrinogen and was clotted, the percent- 
age of plasma radioactivity in the clot was the same as the clottability 
index (88.5%) of an uninjected portion of the labeled preparation which 
had been diluted with rat plasma to simulate conditions in vivo. Plasma 
obtained from the same normal rats 1 day after injection had a lower 
specific activity (75% of the %-hour value) but a clotting index practically 
unchanged (90.2%). This showed that the iodinated fibrinogen did not 
contain degraded labeled components, which remained behind in the 
circulation as the fibrinogen was slowly catabolized, and that labeled 
fragments, after catabolism, did not remain in the circulation for very long. 

Assay of radioiodinated fibrinogen in tumor-bearing rats.—Rats were 
injected intravenously (in the tail vein) with 2.0 ml. portions, 0.2 mg., of 
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radioiodinated fibrinogen containing about 2 uc of I. They were 
killed 17 to 20 hours later (unless otherwise indicated) under Nembutal 
anesthesia (heparin added) by retrograde perfusion into the aorta with 
0.9 percent NaCl. Venous blood, sampled just prior to perfusion, and 
perfused tissues were assayed for radioactivity in a well-type scintillation 
counter. The tumor was divided into 0.5- to 1.0-gm. portions and all 
parts were counted, since the nonuniform distribution of radioactivity 
in the tumor made adequate sampling impossible. The other tissues 
were either small enough to be counted in toto or, as in the liver, uniform 
enough with respect to distribution of radioactivity to permit reliable 
sampling. The radioactivity in the blood was determined by counting 
1-ml. portions of whole blood and multiplying by the circulating blood 
volume, taken as 6 percent of the rat weight for short-term experiments 
(less than 5 hours) or 10 percent for longer times of circulation to account 
for the equilibration of the whole protein space. 

Tumor-bearing rats—Male Wistar (Carworth) rats, about 120 gm. in 
weight, were used as hosts for the Murphy-Sturm lymphosarcoma; male 
Sprague-Dawley (Holtzman) rats, also about 120 gm. in weight, were 
used as hosts for the Miller and Simpson tumors and for other miscel- 
laneous inoculums. 

Rats were inoculated subcutaneously with tumors by trocar in the 
right axillary region. The volume of implanted tissue was routinely 
kept within the limits of 0.05 to 0.15 ml. For the experiments in which 
a large number of rats in several groups were needed and in which the 
members of the groups were to be assayed at different times after implan- 
tation, all rats were inoculated under aseptic conditions within the shortest 
time possible, with the same well-established, healthy, nonnecrotic donor 
tumor. For example, if 72 tumor-bearing rats were required, 72 trocars 
would first be loaded and then within a 5-minute period all the rats would 
be inoculated. Immediately after inoculation the rats would be divided 
into groups for the remainder of the experiment. Such a procedure 
prevented selection of particular animals for any particular group. 

The origin and maintenance of the solid lines of tumors have been 
described previously (5, 6). They were the fast-growing Murphy-Sturm 
lymphosarcoma, which we had utilized more than any other in our anti- 
body studies, the Miller hepatoma for which we had both fast- and slow- 
growing lines, and the Simpson reticulum-cell sarcoma for which we also 
had two lines, one fast- and the other slow-growing. 

Tumor growth rate was measured by daily caliper measurements of 
two diameters of the palpable masses, and, at the time of assay, direct 
weighing of the excised tumor mass. Since in many instances weighings 
immediately followed palpations and since these both were done at various 
stages of tumor development, it was possible to relate palpation data 
(product of two diameters) to tumor weight, and, hence, to measure the 
day-to-day progress of every tumor in terms of its weight. Rates of 
tumor growth were obtained from the palpation data (shown in text- 
fig. 1 as least-square lines after conversion from palpation to weight units). 
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Text-ricurEe 1.—Growth of the Murphy-Sturm lymphosarcoma and the Miller 
hepatoma. Lines are plots of least-square equations derived from daily caliper 
measurements of tumors; groups of points show weights of tumors at time of assay 
for experiments described in text. 


Actual weight data obtained for the various groups at the time the rats 
were killed are also shown in text-figure 1. Growth data, taken within 
a few days after tumor implantation, were not included in the figure 
since they were not true measurements of tumor growth but rather of an 
inflammatory response, as shown in experiments later. 


EXPERIMENTAL RESULTS 


Localization of fibrinogen in the Murphy-Sturm lymphosarcoma.— 
Seventy-two Wistar rats were inoculated with the Murphy tumor and 
divided by random selection into 12 groups of 6 each. The data for the 
Murphy tumor (text-fig. 1) show the weights of each tumor of each group 
at the time of assay except for the first 2 groups which contained little 
tumor but much solid inflamed tissue. The animals were injected with 
I*'-fibrinogen the day before assay. The bars in text-figure 2 show the 
range of localization values obtained for fibrinogen in each group. Two 
phases of localization can be noted, one (black bars) with a peak (as high 
as 15.7%) 2 days after implantation of the tumor, and the other with a 
peak (as high as 33.4%) some 7 days after. The first phase can be inter- 
preted as an inflammatory reaction to a foreign body and the second as 
fibrinogen fixation during growth of the tumor itself. Finally, as the 
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TEXT-FIGURE 2.—Fibrinogen localization in the Murphy-Sturm lymphosarcoma. 
I'3'-rat fibrinogen was injected in each instance 1 day before assay. Black bars 
show inflammatory reaction; striped bars, localization in tumor itself; dotted line 
shows growth of tumor. 


tumor growth rate decreases, daily fibrinogen fixation becomes less. The 
tumor size rather than time after implantation appears to have the greater 
physiological control over extent of localization as shown in text-figure 3 
where the percentage of fibrinogen fixed is plotted as a function of tumor 
size rather than age. In reality, it is the amount the tumor grows during 
the period between injection and assay which determines the amount 
localized. 

Several phenomena take place at the time the juncture in text-figures 
2 and 3 occurs, that is, at the time fibrinogen localization reaches a peak 
and begins to decline: The tumor growth rate decreases, blood levels of 
radioactivity start rising, host weight (total weight minus tumor weight) 
ceases to increase and begins to decrease slowly but steadily, and central 
necrosis of the tumors ensues. The host enters a period of steady decline 
and dies sometime between the beginning of the 12th and the end of the 
15th day after implantation. These data are summarized in table 1. 

Localization of fibrinogen in the Miller hepatoma.—Seventy-two Sprague- 
Dawley rats were inoculated with the Miller tumor and divided into 
groups as previously described. The sizes of the tumors of each group 
at the various times of assay are shown in text-figure 1; the localizations 
of fibrinogen (1 day between injection and assay) in these tumors at the 
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Text-ricure 3.—Fibrinogen localization in the Murphy-Sturm lymphosarcoma as a 
function of tumor size. Data obtained during inflammatory reaction are not in- 
cluded. I'-rat fibrinogen was injected in each instance 1 day before assay. 


Tasie 1.—Localization of I'*!-rat fibrinogen in rats bearing Murphy and Miller 
tumors (values averaged from 6 rats, 17 to 20 hours after injection) * 


Days Percentage injected 

after Host Tumor dosef in: 

implan- weight weight 
Tumor tation (gm.) (gm.) Tumor Liver Bloodt 


(21)§ 1.9 
4.1 1.3 
9.3 


14.7 
53. 1 


Murphy-Sturm lympho- 
sarcoma 


—~ 


Miller hepatoma 


“10100 We 


* See text-figures 1 to 6 for additional information. 

tValues for kidney and spleen were all 0.1 percent; for thyroid, 0.5 to 2.5 percent. 
tBlood volume taken as 10 percent of (host plus tumor) weight. 

§True tumor weight estimated from text-figure 1 to exclude weight of inflamed tissue. 


various times after implantation are shown in text-figure 4; the localiza- 
tions, plotted as a function of tumor weight, are shown in text-figure 5. 
Again two phases of localization can be noted: an inflammatory reaction 
(black bars) during the first few days after implantation, this time with 
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TEexT-FIGURE 4.—Fibrinogen localization in the Miller hepatoma. I'*!-rat fibrinogen 
was injected in each instance 1 day before assay. Black bars show inflammatory 
reaction; striped bars, localization in tumor itself; dotted line shows growth of tumor. 


a peak response (as high as 15.4%) on the 3d day; and a second phase 
several days later which builds up to a maximum response (as high as 
32.8%) on the 22d day. In contrast to the Murphy-Sturm lympho- 
sarcoma, the 50-gm. tumors localized the largest amount of fibrinogen and 
appeared the most vigorous at this juncture. At this point also the host 
weight (total minus tumor weight) ceased to increase. Immediate death 
rather than general decline ensued. These data are summarized also in 
table 1. The inflammatory response immediately following implantation 
is shown in more detail in text-figure 6 in which the amount of inflamed 
tissue at various times after inoculation of the tumor is shown. A direct 
relation between the fibrinogen localization and the size of the inflamed 
region can be seen. The amount of tumor present can be estimated 
from the extrapolated growth curve of text-figure 1, e.g., 0.3 gm. on the 
3d day, surrounded by 5 gm. of well-vascularized inflamed normal tissue. 

Localization of fibrinogen in the Simpson reticulum-cell sarcoma.—Slow- 
and rapid-growing lines of the Simpson reticulum-cell sarcoma each gave 
rise to inflammatory responses soon after injection (table 2). Tumors of 
the slow-growing variety, however, which were of the same size (20-gm. 
region) as the fast-growing type, localized much less fibrinogen (7% vs. 
18%) as shown in table 2. This emphasizes that it is the amount of 
growth between injection and assay which determines the amount 
localized. 

Lecalization of fibrinogen in inoculums of sterile gauze and of normal 
liver.—Subcutaneous areas, in which sterile gauze (12 thicknesses, 5 x 40 
mm.) and rat liver fragments were implanted, contained fixed fibrinogen, 
with a peak response 1 day after inoculation (table 3). The liver, how- 
ever, which was rapidly absorbed and which, in any event, did not en- 
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LOCALIZATION OF FIBRINOGEN 
IN ONE DAY IN THE 
MILLER HEPATOMA 


(8-22 DAYS AFTER IMPLANTATION) 


% INJECTED FIBRINOGEN IN TUMOR 


i 
5 10 20 50 
GRAMS TUMOR 


Text-Ficure 5.—Fibrinogen localization in the Miller hepatoma as a function of 
tumor size. Data obtained during the inflammatory reaction are not included. 
I%1_rat fibrinogen was injected in each instance 1 day before assay. 
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Text-ricure 6.—Fibrinogen localization during inflammatory reaction to the Miller 
hepatoma. Points are each averaged from values for 6 rats. 
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TaBLeE 2.—Localization of I*!-rat fibrinogen in rats bearing slowly and rapidly 
growing lines of the Simpson reticulum-cell sarcoma (values averaged from 6 rats, 
17 to 20 hours after injection) 


Percentage injected radioactive 
Days dose found in:* 
after 
implan- Host Tumor Tumor Normal 
Tumor line tation weightt weight site fasciat Liver Blood§ 


0. 2 0. 4 
One (slow growing) 


Two (fast growing) ‘ 0. 2 


*Spleen and kidney localizations were all 0.1 percent of the injected dose; thyroid average 1.8 percent. 
+Total weight minus tumor weight. 

tTaken from opposite side of rat (approximates size of inflamed tissue). 

§Blood volume estimated as 10 percent (host plus tumor) of weight. 

\lValue for 3 rats; the other 3 had liver metastases (see text). 


TaBLe 3.—Inflammatory response to implantation of sterile gauze or normal rat liver 
as measured by localization of I'%!-rat fibrinogen (values averaged 
from 6 rats, 17 to 20 hours after injection) 


Percentage injected radioactive dose 
Days found in: 
after im- 
planta- Host Normal Site of 
Inoculum tion weight  fascia* Liver Bloodt implant 


0.5 


Sterile gauze 


Normal liver 


*Taken from opposite side of rat (approximates size of inflamed tissue). 
tBlood volume estimated as 10 percent (host plus tumor) of weight. 


gender vascularization, produced only a low and short-lived response. 
The gauze caused the highest fibrinogen fixation (as high as 24.2%) of 
all inflamed areas measured including the tumor. - 

Localization of fibrinogen in liver metastases of the Murphy-Sturm lym- 
phosarcoma and of the Simpson reticulum-cell sarcoma.—In 3 different rats 
from 3 different isolated experiments in which I"*!-fibrinogen was assayed 
in rats bearing the Murphy tumor, liver metastases (later proved by 
histologic examination) were encountered (11, 12, and 13 days after 
subcutaneous implantation). In each instance, after perfusion, 18 to 22 
percent of the injected radioactive dose was found in the liver rather than 
the usual 0.4 percent. Other organs were tumor-free and did not localize 
fibrinogen above the usual low amounts. 

Of the 6 rats, in table 2, which bore the slow-growing variety of the 
Simpson tumor, 3 had metastatic involvement (52 days after subcutaneous 
implantation) of the liver and lung and could be only partially perfused. 
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Fibrinogen localizations in these tumor-containing organs ranged from 
0.6 to 2.6 percent and as such approached the values expected in normal 
but unperfused organs. 

Of all normal rats (87) in which fibrinogen had been assayed, only 1 
localized fibrinogen in its tissues. The liver of this animal, later diagnosed 
as having hepatitis, localized 22 percent of the injected fibrinogen. 

I'"-fibrinogen content of the Murphy-Sturm lymphosarcoma as a function 
of time.—From the experiments described for the Murphy tumor, it can 
be seen that as the tumor grows, it continuously removes labeled fibrinogen 
from the circulation, and, at least for a short time, keeps it fixed within 
the tumor. This experiment was designed to determine the fate of the 
labeled protein as a function of time after its intravenous injection into 
rats bearing the Murphy tumor and, in particular, to determine the rate 
at which it becomes fixed and subsequently catabolized. 

In the first part of the experiment (part A of table 4), fibrinogen was 
injected 1 day after tumor inoculation into 36 rats divided into 6 groups. 
The data show that the amount of I"*'-fibrinogen in the tumors remained 
fairly constant as the tumors grew from 0.1 to 10 gm. and as the radio- 
activity in the blood slowly diminished during that 7-day period. From 
text-figure 2, we know roughly how much labeled fibrinogen was localized 
from the circulation each day as the tumor grew, and, hence, can integrate 
for the total amount of I'*!-fibrinogen which should have localized in the 
tumor during the week. This calculated value is 20 percent of the 
injected radioactive dose. The observed value of 5 percent indicates that 
during the period under study tumor radioactivity remained constant, 
probably in a steady state between fixation of circulating radioactivity 
and catabolism (and rapid elimination) of the fixed material. 

In the second part of the experiment (part B of table 4), fibrinogen was 
injected 7 days after tumor inoculation into 36 more rats divided into 6 
groups. The data show that the large amount of labeled fibrinogen which 
was localized in a day’s time at the peak of tumor vitality did not persist 
but gradually diminished during the days that followed as the tumor 
continued to grow from 10 to 50 gm. 

In the third part (text-fig. 7) of the experiment, fibrinogen was injected 
7 days after tumor inoculation into 46 rats, which had been selected 
from a group of 80 tumor-bearers on the basis both of a previous uniform 
tumor growth rate and for a uniform size (10.0 gm.) at the beginning of 
the experiment. Individual rats were assayed during the first 8 hours in 
¥-hour intervals (but taken as hourly groups of 4), and then groups of 
4 or more rats were assayed at 12%, 25, 48, and 96 hours. The data of 
text-figure 7 show that the rate of localization of radioiodinated fibrinogen 
at the peak of tumor vitality was fairly rapid, 7 percent per hour. Catab- 
olism of the newly localized material was noticed about 6 hours after 
injection and thus appears to have limited the maximum of localizability 
to about 40 percent of the injected radioactive material (43, 43, 39, and 
38% localized in the 6th hour in 4 rats). The amount of radioactivity 
in the circulation was dropping rapidly as localization took place and 
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TaBLE 4.—Localization in and disappearance from the Murphy lymphosarcoma of 
radioiodinated rat fibrinogen 


Days Localization of fibrinogen* 
after Weights (percentage of injected radioactive 
tumor (gm.) d 
implan- 
Experiment tation Hostt Tumor Tumor Liver Thyroid Bloodt 


ose) : 


Part A 
(rats injected with 
fibrinogen 1 day 
after tumor implan- 
tation) 


Part B 
(rats injected with 
fibrinogen 7 days 
after tumor implan- 
tion) 


PSSSSR 
esssss 
CORRE NR OF 


*Spleen and kidney values all were one quarter of the liver values. 
tTotal weight minus tumor weight. 

tOn basis of blood volume of 10 percent (host plus tumor) of weight. 
§Weights in parentheses are for tumor plus inflamed normal tissue. 


reached a level of 8 percent in the circulation (circulating blood volume 
taken as 6 percent of the rat weight) in 24 hours (text-fig. 7). From 
palpation data taken throughout the 1st day of the experiment (which were 
converted to units of weight by the method described above), it was 
found that the tumors at this particular time were growing at an average 
rate of about 0.30 gm. per hour. 


T T T T T 


RATE OF LOCALIZATION 
OF FIBRINOGEN IN THE 
MURPHY LYMPHOSARCOMA 


% INJECTED DOSE LOCALIZED IN TUMOR 


ONILVINOYID NI 3SO0 % 


1 1 - 
48 72 
HOURS AFTER INJECTION 
Text-ricurE 7.—Fibrinogen localization in the Murphy-Sturm lymphosarcoma and 
disappearance therefrom and from blood as a function of time. Points are each 
averaged from values for 4 or more rats. Volume of circulating blood was found 


to be 6.06 percent of rat weight based on extrapolated zero-time value of radio- 
labeled fibrinogen. 
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Effect of anti-fibrin antibody on the localization of fibrinogen in the Murphy 
lymphosarcoma.—We had observed previously (1) that when I'*'-labeled 
anti-rat-fibrin antibodies and I-labeled rat fibrinogen were injected 
together in tumor-bearing rats, the disappearance of the labeled fibrinogen 
from the tumor and the circulation was faster than that of the antibody. 
To check whether antibody affects the rate of I'*-fibrinogen clearance, 
several different I'*'-labeled globulin preparations, some with antibody 
and others without, were paired with I-labeled rat fibrinogen, and each 
pair was assayed in a group of tumor-bearing rats in accordance with 
previously established protocols (1). The results, in table 5, show 
quite conclusively that antibody does indeed markedly increase the rate 
of fibrinogen removal without being removed itself. Normal globulin is 
ineffective. 


Tasie 5.—Localization of radioiodinated protein pairs in rats bearing the Murphy 
lymphosarcoma in which one member of pair is rat fibrinogen 
(rats assayed 19 hours after injection of pairs) 


Localization of protein pairs in 


Average the rat* (percentage of in- 
Number’ tumor Protein pairs jected radioisotopic dose): 
rats as- weight (I8t_labeled protein above 
sayed (gm.) I'3-labeled protein) Tumor Liver Thyroid Bloodt 


6 9.8 Purified anti-rat fibrin, rabbit 29 1.8 0.7 32 
Rat fibrinogen 9 0. 4 4.0 13 

6 11.9 Unpurified anti-rat fibrin, rabbit 9 1.3 0.7 28 
Rat fibrinogen 0. 3 2.4 11 

24 8.8 Normal y-globulin, rabbit 6 1.2 1.0 21 
Rat fibrinogen 25 0.3 1.2 23 

8 9.9 Normal y-globulin, pig 8 0.1 0. 4 29 
Rat fibrinogen 27 0.3 0.9 19 

12 15. 0 Normal y-globulin, rat 8 0. 4 0.8 29 
Rat fibrinogen 23 0.4 2.4 21 


*Calculated as shown in (7). 
tBased on estimated blood volume of 10 percent of rat weight. 


DISCUSSION 


The experiments described here show the role played by fibrinogen 
during the growth of certain transplanted tumors in rats. First there 
is an inflammatory response during which fibrinogen is rapidly laid down, 
presumably an integral part of the host’s defense against foreign bodies. 
This is shown here to manifest itself not only in a reaction to tumor but 
also to a foreign body such as sterile gauze. In transplantable tumors, 
the fibrinogen fixed as fibrin may serve not only as a host defense but 
also paradoxically to protect the tumor from the host; i.e., it may serve 
to keep the tumor separated from the host (and the host defenses) and 
to provide support and nutrient during the early growth stages. In any 
event, that tumor growth was steady, in spite of the inflammatory re- 
sponse, is indicated by extrapolation of the growth curves for the Murphy 
and Miller tumors (text-fig. 1) back to the time of inoculation. A time 
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zero intersection at the ordinate shows an amount of tumor matching a 
typical trocar implant (0.05-0.15 ml.). By the time inflammation sub- 
sides the tumor has enough autonomy to survive under host attack and 
to continue to grow. 

As tumor growth continues unabated, fibrin is also laid down in increas- 
ing amounts, as shown by the amount of I'*!-fibrinogen localized. That 
this fibrinogen is fixed as fibrin and is not merely trapped as serum pro- 
tein is shown by the fact that labeled globulin is present to only the 
maximum extent of 7 percent of the injected dose per 10 gm. of tumor (6), 
while labeled fibrin at the same stage is present to as much as 40 percent. 
The 7 percent may be taken as a maximum figure for the fraction of 
unfixed plasma proteins in a 10-gm. tumor. 

Continued growth of tumor causes the host to enter a period of nega- 
tive nitrogen balance and cachexia (8), while the tumor, now unable to 
get enough nutrition, no longer is able to continue growing at the same 
rate, and this is reflected in the decreased fibrinogen uptake in such 
tumors as found here. 

It is interesting to calculate the nutrient requirement for growth of 
the Murphy-Sturm lymphosarcoma at its stage of maximum growth rate, 
i.e., 0.3 gm. per bour. It is obvious that about 60 mg. (dry wt.) of pro- 
tein or equivalent is required per hour to maintain such growth. If this 
comes from the circulation (plasma protein, 60 mg./ml.), 1 ml. of plasma 
would be required per hour and represents about 15 percent of the whole 
plasma pool. Some of the protein may be used directly by the tumor, 
but since we find only about 7 percent of a dose of I'*!-globulin in the 
tumor at any one time, it is obvious that the tumor does not incorporate 
very much of the iodine label. This further emphasizes that the high 
localization of I"*!-fibrinogen is due to actual deposition of I'*-fibrin and 
not to reincorporation of the iodine label. 

Fibrin itself or at least the iodine label is removed from the tumor 
slowly after deposition, dropping to one half its value in about 4 days. 
Iodinated fibrinogen is cleared from the blood of the rats bearing the 
rapidly growing tumors very much more rapidly, with a half-life of about 
5 hours.‘ All this turnover in the blood is not due entirely to fixation 
in the tumor but partially due to rapid metabolism. The rate of degrada- 
tion of the iodinated fibrin was found to be much greater in the presence 
of anti-fibrin antibody. 

It is instructive to compare the dynamic picture of tumor growth which 
Algire (9) has given us (by the Chalkley technique (10)) with the data 
shown here. In that picture, there was a latent period of 3 days before 
new capillary sprouting occurred in a C3H mouse mammary tumor, which 
corresponds to the inflammatory response period here. Then, 4 days 
before the tumor growth rate slowed down, a stable vascular develop- 
ment was attained. On the 12th day after implantation, Algire found 
that the tumor became surrounded by a leukocytic ring and that from 
that point on growth continued at a slower but constant rate. This 


‘ This rate is much greater than that in non-tumor-bearing animals (see p. 800). 
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4-day period before change in growth rate corresponds well with the 
active laying down of fibrin in the Murphy and Miller tumors in which, 
per gram, the fibrin localization is constant during the days leading up 
to the peak of tumor vitality and the peak of fibrin localization. If the 
host does not die (as it does with the Miller hepatoma), the tumor now 
begins to suffer from its dependence on the host—its growth slows down, 
it becomes necrotic in parts, and it presents a toxicity problem for itself 
and the host. 
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Comparison of the Virulence of the Mammary- 
Tumor Agent From Four Strains of Mice '? 


KATHARINE P. HUMMEL, Ph.D., and C. C. LITTLE, 
Sc.D., Roscoe B. Jackson Memorial Laboratory, Bar 


Harbor, Maine 


SUMMARY 


Mice of strain BALB/c, taken from their 
mothers within 24 hours after birth, 
were suckled by foster mothers of high- 
tumor strains C3H, A, DBA/1, and RIII. 
Controls were BALB/c mice nursed by 
their natural mothers. The 4 groups 
of foster-nursed mice, C;C3H, C;A, 
C,DBA, and C;RIII, differed only in the 
source of the mammary-tumor agent 
ingested with the milk; the unfostered 
mice were presumably agent-free. All 
mice were force-bred, and examined 
weekly for mammary tumors; all 
tumors were diagnosed and typed histo- 
logically. Incidences of mammary 
tumors were high in all fostered groups: 
90.9 percent in 55 C;C3H, 88.5 percent 
in 61 C;A, 88.2 percent in 51 C;DBA, and 
79.2 percent in 53 C;RIII; incidence was 
low (5.1%) in 78 control mice. 
Although incidences among the fos- 


tered groups were not significantly 
different, average tumor ages were. 
The average tumor age of the C;C3H 
group was 7.8 months; the mean ages 
in the other three groups were 9.3 
months in C;A, 9.6 months in C;DBA, 
and 10.7 months in C;RIII. The agent 
in the milk of strain C3H mice induced 
tumors more rapidly in strain BALB/c 
mice than the agent in the milk of 
strains A, DBA/1, and RIII. There were 
indications, but not clear-cut evidence, 
that the agent in the milk of strain 
RIII mothers was less potent than that 
in strains A and DBA/1. These data are 
evidence that the mammary-tumor 
agent exists in forms which differ in 
their virulence or tumor-inducing 
capacities.—J. Nat. Cancer Inst. 23: 
813-821, 1959. 


HIGH INCIDENCES of mammary tumors in mice of certain inbred 
strains are known to be associated with an agent in the milk transferred 


from generation to generation (1). This agent, with the characteristics of 
a virus (2), induces mammary tumors in over one half of all female mice 
with genetic susceptibility to its action and with adequate hormonal 
stimulation. Mammary tumors developing in the absence of the agent 
are less frequent and tend to develop at a much later age (3). 

Each high-tumor strain of mice has a characteristic incidence of mam- 
mary tumors and an average age at which females develop tumors. 
There are also colony and substrain variations in tumor incidences and 
ages, which have been attributed to environmental conditions as well as 


1 Received for publication April 2, 1959. 
2 Aided by grants from the American Cancer Society, Inc., and by a gift from Mrs. Edward Wood. 
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to differences in genetic constitution (4). In addition, there are evidences 
of agent variants differing in their ability to stimulate mammary-tumor 
development (4, 6). 

To test whether variants of the agent existed in our colony, mice of 
strain BALB/c, which have a low incidence of mammary tumors but a 
high susceptibility to action of the agent (7), were foster-nursed by 
mothers of 4 high-tumor strains: C3H, A, DBA/1, and RIII. Differences 
in mean age of tumor development were found among the 4 groups of 
foster-nursed mice, though all were of identical genotype, unrelated to 
foster mothers, and subjected to the same experimental and environ- 
mental conditions. The agent from strain C3H mothers induced tumors 
at an earlier age than the agent from the other high-tumor strains, and 
there were indications that the agent in strain RIII mice was somewhat 
less virulent than that in the others. 


MATERIALS AND METHODS 


Mice used in the experiment were of the following substrains: BALB/ 
eScHu, C3H/HeHu, A/HeHu, DBA/1Hu, and RITI/JaxHu (8). BALB/c 
mice, also designated by the symbol C, were taken from their mothers 
within 24 hours of birth and given to foster mothers of the high-tumor 
strains. These BALB/c mice replaced the young that had been born at 
approximately the same time. The 4 fostered groups will be designated 
by the symbols C,C3H, C,A, C,DBA, and C,RIII. Controls were 
BALB/c mice nursed by their natural mothers. All mice in the colony 
were kept in one room, and received the same food and care. All mice 
of strain BALB/c used in the experiment were born between November 
and July; the choice of foster mothers was dependent only on their being 
tumor-free and having recently borne young. 

At 3 to 4 weeks of age, the fostered animals were weaned and placed 
4 in a pen with a BALB/c male (not fostered). Force-breeding, a method 
described by Bagg (9) and used extensively to increase mammary-tumor 
incidence (4), was employed. All offspring of experimental and control 
BALB/c mice were removed from the pens within a week after birth, so 
that only short periods of lactation intervened between gestations. Each 
female had at least 3 litters in rapid succession. These were recorded 
and, although the intensive breeding was continued throughout the 
period of observation, the number of litters that each bore after the third 
was not known. 

All mice, including normally bred mice of the 5 strains, and force-bred 
BALB/c mice, both controls and fostered, were examined weekly for 
mammary tumors. The tumor age (the age of the animal when a tumor 
was palpable) was recorded and, after an interval of not more than 2 
weeks, the mouse was killed and autopsied. Mice without grossly 
visible tumors were killed if death seemed imminent and were examined 
for nodules in the mammary-gland regions. All suspicious nodules were 
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fixed and prepared for histologic examination. All tumors were diag- 
nosed histologically and classified as by Dunn (10). 


OBSERVATIONS 


Very few mammary tumors were observed in normally bred animals 
of strain BALB/c. There were 107 females in the colony during the 
period of fostering and, of these, 6, or 5.6 percent, developed tumors at 
a mean age of 15.7 months. Fifty-seven of the BALB/c females in the 
breeding colony bore the young that were fostered, and could bave 
suckled them for a brief period before they were given to foster mothers. 
Three of these 57 females had tumors at 7.6, 20.6, and 22.1 months of 
age. Tumors in strain BALB/c mice were thus infrequent and usually 
occurred in rather old mice. 

There were more tumors and they developed earlier in mice of the 4 
high-tumor strains observed over the same period: 94.1 percent in strain 
C3H, at an average age of 8.9 months; 76.4 percent in strain A, at an 
average age of 11.8 months; 67.7 percent in strain DBA/1, at an average 
age of 14.6 months; and 64.5 percent in strain RIII at an average age of 
11.1 months. Tumor incidences and average tumor ages among the 
foster mothers were not unlike those of all females in the breeding colonies, 
which indicated that the foster mothers were a good sample of the popula- 
tion. Sixteen of 17 (94.1%) strain C3H foster mothers had mammary 
tumors at a mean age of 9 months; 21 of 23 (91.3%) strain A foster 
mothers had mammary tumors at a mean age of 11.9 months; 16 of 21 
(76.2%) strain DBA/1 foster mothers developed tumors at a mean age 
of 12.2 months; and 14 of 21 (66.6%) strain RIII foster mothers had 
tumors at a mean age of 10.8 months. None of the mice had mammary 
tumors at the time they were suckling the BALB/c young. 

Table 1 summarizes the observations on mammary-gland tumors in 
the breeding colonies of strains BALB/c, C3H, A, DBA/1, and RIII; the 


TaBLE 1.—Mammary-tumor observations in normally bred mice of 1 low- and 4 
high-tumor strains 


Mice serving as foster mothers 


Mice in breeding colonies 


Mammary tumors Mammary tumors 


Age (months) 


Age (months) 


Per- Per- 
cent Mean Range ber cent Mean Range 


BALB/c 57* 5.3 16.8 7.6-22.1 107 5.6 15.7 7. 6-22.1 
C3H 17 61-131 170 941 89 4.6-18.3 
A 23 «91.3 11.9 6.8-13.4 127 76.4 11.8 5.7-21.2 
DBA/1 21 76.2 12.2 7. 6-21.6 164 67.7 14.6 5.4-29.0 
RIII 21 66.6 10.8 6.7-21.6 155 64.5 11.1 5.8-22.3 


*BALB/c natural mothers that may have suckled their young before these were given to foster mothers of the 
high-tumor strains. 
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strain BALB/c mothers of fostered animals; and the foster mothers from 
strains C3H, A, DBA/1, and RIII. 

It was evident that our strain BALB/c was a low-tumor strain with 
infrequent mammary tumors, most of which occurred in old age. It 
was also evident that there were differences, both in incidence and mean 
tumor age, among our 4 high-tumor strains, C3H being conspicuous for 
the high percentage of tumors and the early age at which most of them 
occurred. 

The observations on mammary tumors among the 4 groups of foster- 
nursed BALB/c females and the control BALB/c females are summarized 
in table 2, and in table 3 the fostered mice are compared with the strain 
from which the foster mother was selected. In general, the fostered 
mice were in the same order of tumor incidence and tumor age as the 
mice to which they were fostered—C,C3H, like C3H, being conspicuous 
for high incidence and early age of mammary tumors. The C,A, C;DBA, 
and C;RIII mice had more tumors and had them earlier than mice of the 

; respective fostering strains, A, DBA/1, and RIII. Thus the genetic and 
hormonal constitution of the BALB/c mice was shown to be more favor- 
able for mammary-tumor development than that of A, DBA/1, and 
RIII mice. 


TasBLe 2.—Observations on mammary tumors in 4 groups of foster-nursed strain 
BALB/e mice and unfostered controls, all force-bred 


(oo Died with mammary tumors Died without tumors 
ey | Age (months) Age (months) 
Num- Num- Per- Num- 

ae Ril Group ber ber cent Mean 8.D.* Range ber Mean Range 
C,C3H 5 050 90.9 «7.8 21 «48-143 5 119 52-230 
C,A 61 54 885 93 32 49197 13.0 63-212 
ea C;DBA 51 45 882 96 25 59184 6 13.9 89-254 
as C,RIII 53 42 79.2 10.7 33 6. 2-19. 7 11 15.6 6.3-24.9 
a All Cy, 220 191 86.8 9%<£3 2.9 4. 8-19. 7 29 13.9 5, 2-25.4 
Ct 5.1 19.6 2.1 17. 6-22.0 74 7. 9-35. 6 


*8.D. is the standard deviation. 
tBALB/c mice not fostered, but nursed by their own mothers. 


Tasie 3.—Comparison of mammary tumors in foster-nursed strain BALB/c mice 
and in fostering strains 


Mammary tumors Mammary tumors 


Fostered Mean age Fostering Mean age 

BALB/c Percent (months) strain Percent (months) 
: C,C3H 90. 9 7.8 C3H 94. 1 8.9 
H CrA 88. 5 9.3 A 76. 4 11.8 
iy C;DBA 88. 2 9. 6 DBA/1 67. 7 14. 6 
C;RIII 79. 2 10. 7 RIII 64. 5 1L1 


Introduction of the agent with the foster mother’s milk stimulated 
the development of tumors in a great proportion of BALB/c mice, but 
with no significant differences in incidence in the 4 groups. The greatest 
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om difference (11.7%) was between C,C3H (90.9%) and C,RIII (79.2%), and 
was not significant (X?=2.91, P=0.10—-0.05), (see graph text-fig. 1). 
ith There were, however, significant differences in the average ages at which 
It females of the different groups developed their mammary tumors. This 
an is shown in the graph and also in the histogram, text-figure 2. Whereas 
for 86 percent of the tumors of C,C3H had appeared by the time these mice 
em reached 10 months of age, 70 percent of the tumors of C,A, 62 percent of 
the tumors of C,DBA, and only 43 percent of the tumors of C,RIII had 
er- become palpable at the same age. The C,C3H group differed significantly 
ed from the C,RIII group (¢=5.12, P<0.01), from the C,A group (t=2.76, 
nin P< 0.01), and from the C,DBA group (¢ = 3.93, P< 0.01). C,DBA and 
red C,A, and C;DBA and C,RIII did not differ significantly, though C;A and 
the C,RIII did (¢ = 2.08, P< 0.05). 
A, a 
the - 
2 70) fy 
nd 
5 60} BALB/c fostered 
ain 5 50; Strain Tumor incidence 
_ 
rs 
— 
) 
e 
3. 0 
1.2 5678 0 16 18 20 
5. 4 MONTHS OF AGE 
54 TextT-FIGURE 1.—Graph comparing 4 groups of foster-nursed BALB/c mice with 
D. 6 respect to incidence of mammary tumors at each month of age. 
On the graph (text-fig. 1), the percent incidence of mammary tumors 
is plotted at monthly age intervals for each group of fostered mice. 
Lice The mean ages at which the groups had tumor incidences of 50 percent 
_ were quite different, as shown on the graph, and the slopes of the curves 
indicate that there was a slower onset of the disease in C,RIII mice 
a than in the other groups. Whereas 50 percent of the C,C3H mice had 
tumors at 7 months, and 50 percent of C,A and C,DBA at 8.25 and 8.75 
ns months of age, the C,RIII reached a mean age of 10.7 months before 
50 percent had mammary tumors. 
A difference in virulence might have been reflected also in the number 
= of tumors per affected animal and in the histologic types. In number 
of tumors per animal, 85 percent of the C,RIII mice had only one tumor, 
ed contrasted with 68 percent of the C,C3H, 61 percent of the C,A, and 57 
ut percent of the C,DBA. The differences were significant between C,RIII 
est and C,A (X? = 7.07, P < 0.01), and C,RIII and C,DBA (xX? = 8.28, 
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8,6,7,8, 9110.11, 12,15, 4, 16,16 17,18, 19,20, months of oge 


Nursed C,H 55 
% 86 14 tumors 50 (91%) 


average age = Smo. (5-14) 
non-tumor 5 
average age = 12mo.(5-23) 


Nursed A 61 

mammary tumors 54 (88.5%) 
average age=9 mo. (5-20) 

non- tumor 7 

average age= I3mo. (6- 21) 


Nursed DBA 5! 
mammary tumors 45 (88.2%) 
average age (6-18) 
non-tumor 6 
average age= !4mo. (9- 25) 


Nursed RIT 


H 53 
mammary tumors 42 (79%) 
non- tumor 
NNVVWN average age=i6mo. (6-25) 


TEXT-FIGURE 2.—Histogram comparing the 4 groups with respect to percent of tumors 
developing at each month of age and percent of total tumors developing before and 
after the females had reached 10 months of age. 


P < 0.01), but not between other groups. No animal in the C,RIII 
group had more than 2 tumors, none in the C,DBA had more than 3 
tumors, while 1 C,C3H female and 3 C,A females had 4 tumors apiece. 
Most of the tumors were adenocarcinomas of type B, which Andervont 
and Dunn (10) found to be characteristic of the mammary tumors of 
mice of strain BALB/c with the agent. In the C,C3H group, 92 percent 
were type B; in the C,A, 96 percent; in the C,DBA, 91 percent; and in 
the C,RITI, 86 percent. 


DISCUSSION 


Differences in mammary-tumor incidence and average tumor age have 
been attributed not only to the genotype of the strain transmitting the 
agent but also to the activity, concentration, quantity, and mutant 
forms of the milk-agent virus. Most of the studies of reciprocal F, 
hybrids between 2 high-tumor strains have reported differences in viru- 
lence of the agent transmitted by the 2 parental strains. Other experi- 
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ments have utilized cross-fostering techniques or compared mammary 
tumors induced by inoculation of the agent in extracts of tumors or 
normal tissues. All experiments have suggested strain differences in 
the agent and also substrain or subline differences in colonies that have 
been separated from each other for some period of time. 

Bittner (11) crossed strains A and D (DBA) and found that the hy- 
brids with strain A mothers had more tumors at younger ages than 
the reciprocal hybrids. Murray (12) reciprocally crossed mice of the 
Marsh and DBA strains, while Warner, Reinhard, and Goltz (13) used 
strains Marsh and A from the same laboratory. In each instance, the 
agent transmitted by the Marsh strain induced tumors at a lower rate. 
While Bittner and Huseby (14) found that hybrid virgin females of a 
cross between strains A and C3H had a higher incidence and a lower 
average age if they received the milk from strain A mothers, Heston and 
Andervont (15), in F,; hybrid virgins between the same 2 strains, found 
a suggestion that the agent from strain C3H mothers was the more 
virulent. However, as Bittner (4, 16) and Andervont (17) have both 
emphasized, their C3H strains have been separated for some time and 
should be regarded as separate sublines. Recently, Richardson and 
Hummel (18) reported a difference in reciprocal F, hybrid virgins between 
strains C3H and RIII, the hybrids with the C3H mothers having a higher 
tumor-development rate than those with the RIII mothers. 

Bittner (16) fostered agent-free C3H mice on strain A mothers and 
compared their tumor development with his and Andervont’s sublines of 
C3H mice. The C3H-fostered strain A subline had tumors at an older 
average age than the others, though they were not greatly different in 
incidence. Blair (6) described a new strain of the milk agent or Bittner 
virus that induced early development of mammary tumors in a subline 
of strain A mice. She reported that the two agents in strain A mice had 
remained stable through several generations after cross-nursing and 
hybridization experiments. 

Miihlbock (19) compared the strengths of the mammary-tumor agent 
in extracts of tumor tissue from 5 different high-tumor strains, and re- 
ported tumor tissue of strain A to be inferior to all others (DBA, C3H, 
RIII, and ‘“‘White label’’) in transmittal of the agent. Using dried tumor 
tissue, Dmochowski (20) found the “tumour producing potency” of 
RIII tumor tissue to be greater than that of C3H tumor tissue, while 
that of strain A tumor tissue was the least effective. Barnum, Ball, and 
Bittner (21), comparing extracts of lactating mammary gland from mice 
of strains A and C3H, found that strain A lactating gland gave a high 
incidence at a higher dilution than strain C3H lactating gland. 

The substrains of C3H and A in our experiment were separated from 
those of Heston and Andervont by only a few generations. This fact 
probably accounts for the difference in relative potency of the agents 
transmitted by strains C3H and A, as reported here and from Bittner’s 
laboratory (14, 16, 21). Whereas the agent in Dmochowski’s substrain 
of RITI was more potent than that of either his C3H or A strains, the 
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agent in the Jax substrain of RIII was less virulent than that of C3H, 
as shown by our data and those of Richardson and Hummel (18). Such 
differences in agent virulence in different mouse colonies can be explained 
by postulating the existence of strains of milk-agent virus. Blair’s dis- 
covery of a mutant strain of the agent gave definite proof that the milk 
agent is like other viruses, with forms exhibiting different virulences. 
Data in these foster-nursing experiments showed clearly that the agent 
in the milk of strain C3H mice differed from that in the milk of the other 
high-tumor strains in its ability to stimulate tumor development in strain 
BALB/c mice. The agents in the milk of strains A and DBA/1 did not 
exhibit different tumor-inducing rates in BALB/c mice, but there was a 
slight suggestion that the agent in the milk of strain RIII mice was less 
virulent. The C;RIII mice had an older average tumor age than either 
C,C3H or C,A, and fewer tumors per animal than either C,A or C;DBA. 
The tumors in all BALB/c mice were similar in histologic type, which 
indicated that the constitution of the BALB/c was the factor determining 
the tumor type. 
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Glycogen Content of Cell Suspensions Prepared 
From Massive Tissue Culture. 11. Comparison 
of Fourteen Cell Strains After Long Cultivation 


In Vitro’ 2 


E. V. PEPPERS, B. B. WESTFALL, and W. R. EARLE, 
Tissue Culture Section, Laboratory of Biology, National 
Cancer Institute,* Bethesda, Maryland 


SUMMARY 


Thirteen mouse-tissue cell strains and 
one cell strain derived from human 
epidermal tissue were examined for 
their glycogen content after rapid pro- 
liferation for years in vitro. Strain 
NCTC 721 of mouse-liver epithelial 
origin, which was found to synthesize 
glycogen several years ago, still has 
this capacity. Strain NCTC clone 1469 
derived from strain 721 of mouse liver 
also synthesizes glycogen. About 2 
percent of the cultures from this clone 
gave rise to hepatomas at the site of 
injection when the cultures were re- 
turned to mice of the strain from which 


epithelial cell lines obtained 4 years 
after return to culture in vitro 
attained no detectable glycogen con- 
tent, and the hepatomas derived from 
the cultures on re-injection in the 
animal had no glycogen. The human- 
skin strain NCTC 2198 contained glyco- 
gen. This strain had been grown from 
the epidermis of a 53-year-old man. 
Seven cell strains derived from mouse 
connective tissue were negative for 
glycogen. Three clones derived from 
mouse mammary carcinoma were like- 
wise negative for glycogen.—J. Nat. 
Cancer Inst. 23: 823-831, 1959. 


721 originated. One of the hepatoma 


IN A previous study (1) it was found that the strain NCTC 721 cells 

derived from mouse-liver epithelium (2) stored more than 20 times the 

glycogen found in mouse fibroblasts of connective-tissue origin that were 
grown for many years under similar conditions in tissue culture. Several 
questions were raised as a result of this study: 

1. Would the liver cells continue to preserve the capacity to store glyco- 
gen after further long-term cultivation in vitro? Would other cells of 
epithelial origin, after long growth in vitro, likewise preserve the capac- 
ity to store glycogen? 

2. Was the lack of capacity of the fibroblast to accumulate glycogen 
characteristic of cells of connective-tissue origin? Was the lack of 
glycogen in the fibroblasts attributable to the fact that the fibroblast 
had undergone malignant change? 


1 Received for publication April 6, 1959. 

? Part of this work was presented briefly at the meeting of the Tissue Culture Association in Atlantic City, N.J., 
April 10 to 12, 1959. 

4 National Institutes of Health, Public Health Service, U.S. Department of Health, Education, and Welfare. 
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3. Would the tumors rising from the injection of the tissue cells behave 
like the cultured cells with respect to forming and storing glycogen? 
This question arose partly because a culture strain of cells derived from 
liver strain 721 was available both in culture and as tumors growing 
in mice. 

4. Would the tumors growing in the animals, from injection of tissue- 

culture cells, interfere with glycogen storage in the intact liver of the 

host? Sparse data in the literature indicated that tumors originating 
in vivo reduced the glycogen content of the liver of the host. 


METHODS AND MATERIALS 


The cell strains used are described elsewhere (2-9). The strain number, 
years in culture, tissue source, and medium in which they were grown are 
shown in table 1. The cells were grown in T-60 flasks with the nutrient 
fluid changed at thrice weekly intervals. For part of the study cells were 
harvested 48 hours after fluid change. For certain studies cells were 
harvested 4 hours after fluid renewal. The shorter interval was used 
because it had been found several years ago that the glycogen content of 
strain 721 cells (1) varied with the interval after feeding. Glycogen, after 
isolation from the tissues, was estimated by the anthrone reagent (10-15). 
For the isolation of glycogen from the tissues the following procedure was 
used: Cells in the T-60 flasks were shaken vigorously with the medium 
and poured into weighed centrifuge tubes. The cells were then packed 
lightly under a force of 80 X g in the centrifuge. This force appears to 
be about the maximum that the cells can sustain and still give good growth 
on resuspension in stock medium. The supernatant fluid was decanted 
and the cells were washed once with balanced saline, lacking glucose. 
The cells were then weighed and an aliquot taken for protein estimation 
by the Lowry procedure (16). The cells were suspended in 10 times their 
volume of 5.4 n KOH and placed in boiling water for 30 minutes. Twice 
the cellular volume of aqueous saturated sodium sulfate was added and 15 
times the cellular volume of ethanol; after standing 30 minutes the pre- 
cipitate was thrown down by centrifugation. The supernatant fluid was 
discarded and the tubes inverted to drain. The glycogen was dissolved 
in 0.25 w trichloroacetic acid. The tubes were again centrifuged to 
remove any undissolved precipitate, and the fluid was saved. Glycogen 
was precipitated from the trichloroacetic acid solution by the procedure 
of Carroll et al. (12). The precipitate was taken up in water and the 
anthrone reagent used as applied by Carrol. As a check on the method, 
glycogen was prepared from pooled livers of well-fed mice of the C3H/HeN 
line with the procedure of Abdel-Akher and Smith (17) or of Somogyi (13). 
The analytical procedure outlined was compared with that of Good et al. 
(14) and Carroll et al. (12). The solubility of glycogen is such, in the 
alkaline-alcohol mixture used by the Good procedure and by us, and in the 
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acid-alcohol extraction of the Carrol procedure, that recoveries of glycogen 
put through the procedures were always low. What this means from the 
practical standpoint is that if the total quantity of glycogen from any 
one tube were less than 20 micrograms it would have been scored as zero. 
Again what this means in terms of the quantity used for the cultured 
cells, e.g., 100-mg. wet tissue cells per sample, is that the glycogen content 
could have been as much as 0.1 gm. per 100-gm. protein and still appear 
as zero in the final figures. 


TaBLE 1.—Cell strains used for study of their glycogen content 


NCTC 
strain Years in Medium used 
number Derivation of cell strain or tissue culture* for culture 


Liver epithelium 10 St 

One cell of 721 (10) 6 s 

Tumor from 1469 (6) 4 

One cell of L (18) 10 $s! 

929 (10) 2 NCTC 108 + 0.25 
percent horse serum 

929 (10) 3 NCTC 108 

Connective tissue 8 

One cell of tumor from 1742 

Connective tissue 

One cell of tumor from 1742 

One cell of mammary carcinoma 

One cell of mammary carcinoma 

One cell of mammary carcinoma 

Epidermis of 53-year-old man 


RARRRRRN 


*Figures in parentheses are the years in culture of the parental strain of cells. All strains except 2198 were from 
the C3H/HeN mouse. 

tS = Stock medium: 40 percent horse serum, 20 percent filtered chick-embryo extract, and 40 percent balanced 
saline. 


When tissue directly from the mouse was analyzed, the animals were 
killed by cervical dislocation, and the tissue quickly excised, weighed, 
and placed in the KOH solution. The same procedure was applied as for 
the cultured cells. Wet and dry weights of the tissue were ascertained as 
previously described (1). As a qualitative test for glycogen, the method 
of Sumner and Somers was used (18). 


RESULTS 


Results are summarized in tables 2 to 5. Because various tissues, in 
addition to the cells taken directly from culture, were analyzed, the 
results are summarized in 5 sections: 


I. Comparison of Glycogen Content of Liver From Normal 
Mouse, Liver From Sarcoma-Bearing Mouse, and Liver 
Cells in Culture 


Livers from strain C3H/HeN mice were used. The mice had had free 
access to food and water, and were killed in midmorning. The sarcomas 
used arose at the site of injection of cells.of the fibroblast strain 2050. 
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The liver cell strains from culture were those listed at the top of table 1. 
Table 2 lists the results. Glycogen content is expressed in gm. per 100 
gm. of cellular protein. At 48 hours after fluid renewal, the cultured 
cells of strains 721 and 1469 have low glycogen and strain 1795 has no 
glycogen. ' 


TasLe 2.—Glycogen content of mouse liver and cells derived from mouse liver 
grown in tissue culture for up to 10 years. Cells from culture 
harvested 48 hours after nutrient fluid change 


Gm. 
Dry glycogen 
Number of ars Protein per 100 gm. 


Cell strain or tissue samples (percent) (percent) protein 


Liver, normal C3H/HeN mouse....... 10 34.7 21.6 9.7 
Liver, sarcoma-bearing C3H/HeN 


*These sarcomas arose at site of injection of cultured cells of strain NCTC 2050, of table 1. 


II. Influence of Type of Medium and Interval After Nutrient Fluid 
Renewal on Glycogen Content of Cultured Cells 
Derived From Liver 


The three strains of liver origin were grown in a medium containing 
NCTC-109 solution plus 10 percent horse serum. Comparison was made 
of the glycogen content of the liver strains 4 hours after fluid renewal 
when they were grown in the latter medium and in the stock medium of 
table 1. The results are summarized in table 3. Four findings are 


TABLE 3.—Influence of type of medium on 
glycogen content * of three cell strains of 
liver origin. Harvesting time, 
4 hours postfluid-renewal 


Grown in 

NCTC 109 

Grown in plus 10 per- 
stock cent horse 

serum 


* Glycogen content as gm. per 100 gm. of cellular 
protein. 

tThis is stock medium of table 1. Medium contain- 
ing 10 percent horse serum is the equivalent of that used 
in table 1 for the sustenance of strain 2071 lacking pro- 
tein, except that NCTC 108 has been replaced by 
NCTC 109 and adjustment made in the saline volume 
so that the constituents of NCTC 109 mixture are not 
diluted. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


| | 
721 cells 12 17.7 11.5 0. 17 
1469 12 17.5 11.5 0. 12 
12 17.5 11.5 0.0 
ae a 
| 
4 Cell strain 
721 3.5 0.4 

: 1469 2.2 0. 05 

1795 0.0 0.0 


GLYCOGEN CONTENT OF FOURTEEN CELL STRAINS 827 


apparent: (a) Under experimental conditions used with these cell strains, 
nutrient medium consisting of NCTC 109 and 10 percent horse serum is 
not as effective for deposition of glycogen as the stock medium; (6) strain 
721, after 10 years of cultivation in vitro in the stock medium, under 
these optimal conditions, stores considerable quantities of glycogen; 
(c) single cell strain 1469, derived from strain 721, likewise stores glycogen; 
(d) strain 1795 has lost this attribute. 


III. Glycogen Content of Eleven Other Cell Strains of Table 1 


The glycogen content of 7 cell strains of fibroblast origin, 3 cell strains 
of mouse Mammary carcinoma origin, and the human epidermal strain is 
shown in table 4. The glycogen content of these strains was not influenced 
much by length of time after fluid renewal; none of the mouse strains 
stored glycogen under any conditions of culturing, and the human epi- 
dermis did not respond to short-term fluid renewal as strains 721 and 
1469. However, the cells did not deplete stores of glycogen in 48 hours as 
much as the liver cells did. 


TaBLe 4.—Glycogen content of cells of various strains 48 
hours after nutrient fluid change 


Gm. gly- 

cogen per 
Cell strain Numberof Dry weight Protein 100 gm. 
or substrain samples  (percent)* (percent)* protein 


2071 14 12.0 10 0 
2168 6 12.0 10 0 
929L 15 15. 2 11.5 0 
1742 10 15. 5 12.0 0 
1745 10 15. 5 12.0 0 
2049 10 15. 5 12.0 0 
2050 10 16. 0 12.0 0 
2442 3 15.5 11.5 0 
2443 3 15. 5 11.5 0 
2444 3 15. 5 11.5 0 
2198 12 15. 5 10. 2 6.1 


*Standard deviation is 0.1. Percent dry weight and protein content vary some- 
what with the time after nutrient fluid renewal and quantity of cells per ml. of 
nutrient fluid. The samples chosen for this table were those showing similar pop- 
ulation densities. Under these circumstances dry weight and protein content vary 
little within one strain of cells. 


IV. Glycogen Content of Tumors Originating in C3H Mice From 
Injection of Cell Strains 


As indicated in the work already published from this laboratory (3, 4, 
7, and 9) or in the present report, all 7 mouse strains of fibroblast origin, 
in table 1, gave sarcomas when they were injected into the mouse strain 
of origin. Cells of the 3 clones from mouse mammary carcinoma, on 
reinjection, gave sarcomas. Strain 1795 originated from a tumor arising 
at the site of injection of strain 1469 and now uniformly gives hepatomas 
when the cultured cells are injected. Tumors from fibroblast strains 
1745 and 2050 and strain 1795 were examined for their glycogen content 


VOL. 28, NO. 4, OCTOBER 1959 


al 
i 
3 
j 
vel 
if 


828 PEPPERS, WESTFALL, AND EARLE 


immediately on removal from the animal. The results are not tabulated 
since all were negative. 


V. Glycogen Content of Livers of Mice Bearing Tumors Originating 
From Injected Tissue-Culture Cells 


Young et al. (19) and Gruzdeva (20) have reported that the livers of 
mice bearing transplanted tumors deposit less glycogen than the livers 
of the normal controls. Young also reported that human patients with 
gastric cancer had defective hepatic glycogenesis (21). In the light of 
these reports, when the tumors from the injection of the tissue-culture 
cells were harvested, the livers of the animals were also examined for 
glycogen. The glycogen content from the livers of animals bearing 
sarcoma originating from strain 2050 cells has been listed in table 1. 
In table 5, the results are recalculated in more conventional fashion 
as percent of the wet weight of the livers, to compare with the results of 
Young and Gruzdeva. Similar data for animals bearing strain 1745 
sarcomas and 1795 hepatomas are included. These tumors apparently 
do not greatly discomfort the animals since the host mice appeared lively 
and ate well. Their liver glycogen reflects the fact that they are relatively 
normal, as shown in table 5. 


Tasie 5.—Glycogen content of livers from normal mice and from mice bearing 
tumors: Percent of wet weight 


Normal mice 
Bearing Ehrlich ascites tumor 


Normal CWF mice 
Bearing Sarcoma 180 


Normal C3H/HeN mice 

Bearing sarcoma from 2050 cells 
Bearing sarcoma from 1745 cells 
Bearing hepatoma from 1795 cells 


PP 


© 


*Data from (20). 
tData from (19). 


DISCUSSION 


This study gave only partial answers to the questions posed in the 
introduction. Strain 721 of liver cells still is able to store glycogen after 
10 years in vitro. The cells of clone 1469 derived from strain 721 also store 
glycogen. Strain 1795, originating in culture from a tumor from cells of 
clone 1469, did not store glycogen; the human epidermal strain stored 
glycogen. None of the strains of fibroblast origin or the three strains of 
mammary carcinoma origin deposited glycogen in vitro. None of the 
tumors from injection of the cells into mice had detectable glycogen. 
The tumors produced had only a slight effect in depressing glycogen stores 
in the livers of the host. Insofar as one may infer from data in the litera- 
ture, when a depressing effect has been found, it probably relates to the 
poor nutritional state of the animal rather than to a direct effect of the 
tumor. 
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Glycogen phosphorylase activity is reputed to be present in almost all 
normal mammalian tissues. However, greatly reduced phosphorylase 
activities have been reported for a solid tumor (22) and for some 8 different 
tumors examined by Nirenberg (23). He ascribed the failure of ascites 
tumor cells to store glycogen to a unique glycogen-storage disease: Even 
though they possessed the phosphorylase-activating enzyme they lacked 
a functional dephosphophosphorylase. All tumors examined by Nirenberg 
had a similar block in the hormonally linked chain of phosphorylase 
activation. His work would appear to,indicate that tumor tissue should 
lack the function of glycogen storage. Whether one may infer that a 
tissue is normal, if it once had the function of glycogen storage and after 
10 years in tissue culture retains the function, is a question that is not 
completely answered. Since strain 1469 stored glycogen, but also gave 
tumors in a low percentage of the injections into animals, glycogen storage 
as a criterion for the normal state becomes suspect. The loss of one 
certain enzyme system may not be characteristic of all tumor cells. A 
transplantable hepatoma has been reported as having glycogen in the 
transplants (24). Human epidermis is known to contain glycogen (25, 26) 
and the cultured cells still have this capacity after years in vitro. The 
finding that the skin cells have a greater glycogen content than liver cells 
48 hours after fluid renewal may indicate that the skin cells are less well 
supplied with those enzymes concerned with the mobilization and use of 
glycogen than the cells of liver origin. The low glycogen content of 
strains 721 and 1469, 48 hours after fluid change, probably represents the 
fraction of glycogen firmly bound to the enzyme proteins (15) which is 
difficult to extract with trichloroacetic acid (12). Although we have no 
data bearing on the point, it seems probable that glycogen synthesis in 
the liver cultures is by way of uridine diphosphate glucose, as found by 
Leloir and Cardini for fresh liver tissue (27). The quantity of glycogen, 
at a given time, in any one culture of those cells able to store glycogen is 
dependent to some extent on the number of cells per ml. in the culture, 
e.g., if there are relatively few cells in a given volume of nutrient, they 
will make less demand on the available glucose or other glycogen pre- 
cursors than if there are many present. The result of this would be that, 
if the cells are examined at 48 hours, as was done in tables 2 and 4, a small 
population might contain greater glycogen per cell because all the glucose 
might not be exhausted from the medium and the cells would not have 
started to draw on the glycogen stores. In an effort to control the popula- 
tion variable, the cultures reported here had about 2 million cells per ml. 
of nutrient fluid. 
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A Study of the Sensitivity of the Mouse Fore- 
stomach Toward Certain Polycyclic Hydrocar- 


bons 


FRED G. BOCK and DOUGLAS W. KING, Roswell 
Park Memorial Institute Biological Station, Springville, 


New York 


SUMMARY 


The forestomach of C57BL mice proved 
to be highly sensitive to the tumori- 
genic action of polycyclic carcinogens. 
A single application of 2 drops of 1.5 
percent 7,12-dimethylbenz[ajanthra- 
cene (DMBA) to the skin of 47 C57BL 
mice was followed by the appearance of 
lymphomas in 11 mice and papillomas 
of the forestomach in 13. Among 33 
control animals painted with benzene, 
only 1 died with a lymphoma, while no 
stomach tumors were found. A single 
intragastric application of 0.5 mg. of 


respectively. Multiple applications to- 
taling 4 or 8 mg. of either DMBA or MC 
produced papillomas in all 44 treated 
animals and carcinomas in 6. Among 
27 mice receiving 4 or 8 mg. of benz{a]- 
anthracene (BA) by stomach tube, 2 
developed papillomas of the fore- 
stomach after 16 months. No tumors 
appeared among 29 mice similarly 
treated once with 0.5 mg. of BA. 
The high sensitivity of the forestomach 
of the mouse suggests the use of this 
tissue for testing weakly carcinogenic 


either DMBA or 3-methylcholanthrene 
(MC) gave rise to a forestomach tumor 
incidence of 85 percent and 57 percent, 


compounds.—J. Nat. Cancer Inst. 23: 
833-839, 1959. 


DURING PILOT studies of the effects of cigarette-smoke condensate on 
the mouse skin, we observed a significant number of papillomas in the 
forestomach of C57BL mice, which had been “painted” once with ap- 


proximately 1.5 mg. of 7,12-dimethylbenz[ajanthracene (DMBA). This 
observation suggested that the forestomach might serve as a test site for 
screening weakly carcinogenic polycyclic hydrocarbons. To investigate 
this possibility, the effects of 3 orally administered carcinogens on the 
forestomach of C57BL mice were studied. Both the pilot study and 
subsequent investigation are reported here. 

Tumors have developed in the forestomach of mice after the oral admin- 
istration of polycyclic hydrocarbons (1-3), heated cholesterol (4), and 
diazoaminobenzene (5). Berenblum and Haran noted that the fore- 
stomach, like the skin, responded to cocarcinogenic stimuli (6, 7). They 
produced a high incidence of forestomach tumors by the oral administra- 
tion of as little as 1.5 mg. of DMBA or 3-methylcholanthrene (MC). 


1 Received for publication April 9, 1959. 
3 This work was supported in part by a grant from the Tobacco Industry Research Committee. 
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Tumors were elicited by croton oil alone, suggesting that the forestomach 
was highly sensitive to carcinogenic agents. 


MATERIALS AND METHODS 


The backs of 47 C57BL mice were “painted” with 2 drops (approxi- 
mately 0.1 ml.) of a 1.5 percent solution of DMBA (Eastman #5149) in 
benzene. Two weeks later, the mice were separated into 3 groups. 
Mice of group A were then painted twice weekly with about 0.1 ml. of an 
acetone solution of crude cigarette-tar condensate (diluted to yield 12 ml. 
per carton of smoked cigarettes); group B mice were painted with acetone 
alone; group C remained without further treatment. Thirty-three mice 
(groups D and E) were “painted” with benzene instead of the DMBA 
solution, to serve as controls for groups A and B. Table 1 shows the 
distribution of mice in each group. 


TaB_Le 1.—Distribution of tumors after a single painting with DMBA 


Number of mice with tumors at 
Treatment autopsy 


Cigarette- Fore- 
smoke Number = stomach Lym- 
DMBA condensate of mice papillomas phomas Skin* 


Group 


Total DMBA-treated mice 
Total mice not treated with DMBA 


*One mouse of group A and 2 mice of group C developed papillomas which regressed before autopsy. 


At death, routine autopsies were performed. After gastric papillomas 
had been noted in several experimental animals, the intact stomachs from 
all subsequent autopsies were inflated with formalin and examined after 
fixation. The 15 experimental and 23 control animals still alive 524 drys 
after the DMBA treatment were killed. 

To determine the direct effect of carcinogens on the forestomach, 
C57BL mice were deprived of food for 24 hours, and then intubated 
through the esophagus with a polyethylene tube (O. D. 0.050’’) attached 
to a hypodermic needle. Each animal received 0.1 ml. of heavy mineral 
oil containing 0.5 mg. of test compound. Repeated doses were given to 
some at intervals of 3 or 7 days. Table 2 shows the compounds tested, 
number of animals used, and dose schedules. 

The animals were maintained in the laboratory without further treat- 
ment until gastric papillomas were found consistently among the animals 
that died. This required a period of 8 to 10 months for the DMBA or 
MC groups. Animals in the benz[ajanthracene (BA) series were killed 
after 16 months, although tumors had not been found in the post-mortem 
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material available. 
months. 


The mineral-oil controls were also killed after 16 


RESULTS AND DISCUSSION 


Table 1 presents the data of the skin-painting experiment and shows 
that significant differences between groups depended only upon the DMBA 
treatment. DMBA apparently caused skin tumors, forestomach papil- 
lomas, and lymphomas. Forestomach tumors have been observed, after 
skin painting, by several other workers (8-10). These tumors probably 
developed because the animals licked the skin of their treated cage mates. 

Table 2 presents the data of the oral-intubation experiment. BA pro- 
duced tumors in only 2 of 27 animals given total doses of either 4.0 or 8.0 
mg. of the hydrocarbon. A single dose of 0.5 mg. of either DMBA or 
MC was sufficient to cause gastric papillomas in over 50 percent of the 
mice. Repeated doses totaling 4.0 to 8.0 mg. of either compound were 
sufficient to produce forestomach papillomas in all 44 animals and carci- 
nomas in 6. These data confirm those of Berenblum and Haran (6) who 
obtained a substantial number of tumors after single or repeated oral 
application of carcinogens to C3H and Swiss mice. 


TaBLE 2.—Production of forestomach tumors by oral administration of polycyclic 


hydrocarbons 
Mice with Number 
Number Total Effective papillomas with 
ofappli- dose No. of carci- 
Compound cations (mg.) animals Number Percent nomas 
DMBA 1 0.5 13 11 85 0 
8 4.0 17 17 100 2 
16 8.0 6 6 100 1 
MC 1 0.5 14 8 57 0 
8 4.0 15 15 100 1 
16 8.0 6 6 100 2 
BA 1 0.5 13 0 0 0 
8 4.0 19 1 5 0 
16 8.0 8 1 12 0 
Mineral-oil controls 12 
0 0 


Two groups of investigators have painted the skin of C57BL mice with 
single doses of MC. Pullinger (11) applied 5 mg. of MC in acetone to the 
entire back, later removing a small piece of the skin to determine the effect 
of scarring. Of 46 mice surviving for 10 months, only 1 developed a skin 
tumor. Mider and Morton (12) found 7 skin papillomas in 28 C57BL mice 
that had been painted once with 0.5 percent MC. Comparison of their 
results with our intubation data indicates that the mouse forestomach is 
more sensitive to single applications of carcinogens than the skin. Even 
more convincing is the skin-painting experiment in which more gastric 
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papillomas than skin tumors developed, when the carcinogen was applied 
directly to the skin. 

The high sensitivity of the forestomach is significant. Lipides are 
absorbed through the skin more readily than water-soluble compounds 
(18). The sebaceous glands seem to be involved in this process. Simpson 
and Cramer (1/4) demonstrated that methylcholanthrene entered the cells 
of the sebaceous glands within minutes of its application to the mouse skin. 
Suntzeff et al. (15) found that newborn mice, havirg only a few poorly 
developed sebaceous glands in the skin, were relatively resistant to the 
carcinogenic effect of methylcholanthrene painting. Similar results had 
been obtained by Lacassagne and Latarjet (16) in studies of mice painted 
with methylcholanthrene after scarring by intense ultraviolet irradiation. 
This evidence suggests that the sebaceous glands offer a direct and man- 
datory route for the penetration of this compound into deeper layers of 
the skin. In the stomach, however, no similar path exists. Nevertheless, 
enough hydrocarbon may enter the epithelial cells, during a single expo- 
sure, to provoke neoplastic change. In this case at least, a specific lipide 
pathway is not required. 

Use of the mouse forestomach for screening carcinogens offers certain 
practical advantages. Basic information concerning the genesis of tumors 
of the forestomach is provided by Stewart and Lorenz (17). This tissue 
provides high sensitivity and is not subjected to additional trauma like 
the skin, in which wounds from shaving or fighting are not uncommon, 
The intubation technique requires neither a high level of skill nor much 
time. 

However, with this method, gradual development of tumors cannot be 
observed. Identification of tumors is impossible unless dead animals are 
examined within a reasonable time. In addition, the method is not 
suitable for frequent applications of a test material. The data indicate 
that the forestomach is more sensitive than the skin and will give positive 
results with certain compounds that do not evoke skin tumors. Otherwise, 
the squamous epithelium of the stomach appears to give a response 
qualitatively similar to that of the skin (6, 7, and 18). Skin testing will 
probably remain a more convenient method for most materials, although 
the high sensitivity of the forestomach should be of value in testing weak 
carcinogens that are unavailable in quantity. 

The first lymphomas caused by DMBA painting appeared in the thymus 
gland, after 122 days, while those which developed later involved the 
lymph nodes. One of the lymphomas was characterized by transplantable 
tumor cells in an abundant ascites fluid. When transplanted, most of the 
lymphomas killed the host within 3 to 6 weeks. While the C57BL mouse 
developed lymphomas after irradiation (19, 20), development of this type 
of tumor after skin painting had not been observed previously (21-23). 
Since most reported experiments have been concerned with the painting 
of C57BL mice with other compounds, the development of lymphomas 
may be specific for DMBA. Lymphomas were not found in the intubated 
animals, perhaps because of differences in the route of administration. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


4 
a 
— | 
| 
| 
| 
| 
é 
— 
7 
™ 


MOUSE FORESTOMACH SENSITIVITY TO POLYCYCLIC HYDROCARBONS 837 


REFERENCES 


(1) Lorenz, E., and Stewart, H. L.: Squamous cell carcinoma and other lesions 
of the forestomach in mice, following oral administration of 20-methylchol- 
anthrene and 1,2,5,6-dibenzanthracene. J. Nat. Cancer Inst. 1: 273-276, 1940. 

(2) Stewart, H. L.: Hyperplastic and neoplastic lesions of the stomach in mice. 
J. Nat. Cancer Inst. 1: 489-509, 1941. 

(3) Saxen, E., Exwatt, P., and SetArd, K.: Squamous cell carcinoma of the fore- 
stomach in mice, following oral administration (cannula feeding) of 9,10- 
dimethyl-1,2-benzanthracene solubilized in an aqueous solution of an associa- 
tion colloid. Acta path. et microbiol. scandinav. 27: 270-275, 1950. 

(4) Watrrman, N.: Experimental production of carcinoma in the stomach of mice. 
Acta cancrol. 2: 375-388, 1936. 

(5) Orsuxa, I.: Uber die experimentelle Papillomerzeugung im Vormagen der 
Mausen durch diazoaminobenzol. Gann 29: 209-212, 1935. 

(6) BerensuvM, I., and Haran, N.: The influence of dose of carcinogen, emptiness 
of stomach and other factors on tumor induction in the forestomach of the 
mouse. Cancer Res. 15: 504-509, 1955. 

(7) : The influence of croton oil and of polyethylene glycol-400 on carcino- 
genesis in the forestomach of the mouse. Cancer Res. 15: 510-516, 1955. 

(8) Bonne, C.: Ueber Geschwiilste bei Teertieren. Ztschr. Krebsforsch. 25: 1-22, 
1927. 

(9) Twort, J. M., and Tworrt, C. C.: Disease in relation to carcinogenic agents 
among 60,000 experimental mice. J. Path. & Bact. 35: 219-242, 1932. 

(10) Bapczer, G. M., Cook, J. W., Hewert, C. L., Kennaway, E. L., Kennaway, 
N. M., Martin, R. H., and Ropinson, A. M.: The production of cancer by 
pure hydrocarbons. V. Proc. Roy. Soc., London, ser. B 129: 439-467, 1940. 

(11) Putuincer, B. D.: An experimental approach to the problem of trauma and 
tumours. J. Path. & Bact. 57: 467-476, 1945. 

(12) Mipsr, G. B., and Morton, J. J.: Relative importance of local and constitu- 
tional effects of methylcholanthrene in production of skin tumors in the mouse. 
J. Nat. Cancer Inst. 1: 41-44, 1940. 

(18) Rotruman, 8.: Physiology and Biochemistry of the Skin. Chicago, Ill., Univ. 
Chicago Press, 1954, p. 27. 

(14) Stmpson, W. L., and Cramer, W.: Fluorescence studies of carcinogens in skin. 
I. Histological localization of 20-methylcholanthrene in mouse skin after 
a single application. Cancer Res. 3: 362-369, 1943. 

(15) Sunrzerr, V., Carrutners, C., and Cowpry, E. V.: The role of sebaceous 
glands and hair follicles in epidermal carcinogenesis. Cancer Res. 7: 439-443, 
1947. 

(16) Lacassaeng, A., and Latarset, R.: Action of methylcholanthrene on certain 
scars of the skin in mice. Cancer Res. 6: 183-188, 1946. 

(17) Stewart, H. L., and Lorenz, E.: Morbid anatomy, histopathology, and histo- 
pathogenesis of forestomach carcinoma in mice fed carcinogenic hydrocarbons 
in oil emulsions. J. Nat. Cancer Inst. 10: 147-166, 1949. 

(18) Kuzin, A. J., and Paumer, W. L.: Experimental gastric carcinoma: A critical 
review with comments on the criteria of induced malignancy. J. Nat. Cancer 
Inst. 1: 559-584, 1941. 

(19) Hensnaw, P. S.: Leukemia in mice following exposure to X-rays. Radiology 
43: 279-285, 1944. 

(20) Kapuan, H. S.: Influence of age on susceptibility of mice to the development 
of lymphoid tumors after irradiation. J. Nat. Cancer Inst. 9: 55-56, 1948. 

(21) Kirscupavum, A., Strona, L. C., and Garpner, W. U.: Influence of methyl- 
cholanthrene on age incidence of leukemia in several strains of mice. Proc. 
Soc. Exper. Biol. & Med. 45: 287-289, 1940. 


VOL. 28, NO. 4, OCTOBER 1959 


we 


3 

3 

q 
| 
1 
h 
k 
iS 
e : 
e 
e 4 
i 
). 
1s 
d 


838 BOCK AND KING 


(22) Morton, J. J., and Mripmr, G. B.: Some effects of carcinogenic agents on mice 
subject to spontaneous leukoses. Cancer Res. 1: 95-98, 1941. 

(23) Kirscupavum, A., and Mixer, H. W.: Induction of leukemia in 8 inbred stocks 
of mice varying in susceptibility to the spontaneous disease. J. Lab. & Clin. 
Med. 32: 720-731, 1947. 


68 


Ficure 1.—Lymphoma in C57BL mouse 525 days after painting the skin with 2 
drops of 1.5 percent 7,12-dimethylbenz[alanthracene. In contrast to most of the 
lymphomas which appeared grossly to be limited to the thymus, this tumor involved 
the liver, spleen, and abdominal lymph nodes. 


Ficure 2.—Forestomach papilloma in the same mouse shown in figure 1. 


Figure 3.—Carcinoma of the forestomach produced in 393 days by 16 intragastric 
applications of 0.5 mg. of 7,12-dimethylbenz[aJanthracene. Displacement of the 
glandular mucosa and penetration through the stomach wall can be noted. 
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Topical Effect of Acrifiavine Compounds on 
Growth and Spread of Malignant Cells * ” 


HORACE GOLDIE, MATTHEW WALKER, THEODORE 
GRAHAM, and FRANK WILLIAMS, Laboratory for 
Experimental Oncology and Department of Surgery, 
Meharry Medical College, Nashville, Tennessee 


SUMMARY 


Routine tests of presumably antitumor 
agents, by assaying their ability to 
induce regression of tumor tissue and 
to increase the lifespan of the host, 
were supplemented by methods that 
had as test objectives (1) growth of free 
tumor cells in ascitic fluid, (2) implan- 
tation from this fluid into visceral and 
parietal peritoneum and adjacent tis- 
sues, and (3) spread and growth of 
experimentally infiltrated tumor cells 
in anatomically sharply circumscribed 
areas of the skin (the scalp and the 
scrotum), which allowed a quantitative 
estimate of these phenomena. Neutral 
acriflavine was selected for trial on 
account of (1) its antimetabolite effect 
against adenine-containing factors in 
bacteria and protozoa, which resulted 
in suppression of their viability; (2) its 
abundant storage in injected tissue at 
a therapeutic topical dose level; (3) its 


low systemic toxicity. The use of these 
methods demonstrated that acriflavine 
(1) ithibited the viability in vitro of 
tumor-cell suspensions after 2-hour 
incubation; (2) arrested completely, in 
well-tolerated doses, the proliferation 
of free tumor cells in ascitic fluid and 
their spread and implantation into 
peritoneal tissue; (3) prevented growth 
and spread of tumor cells that infil- 
trated into the scalp or the scrotum; 
and (4), in producing this effect, in- 
flicted no visible damage to injected 
healthy tissue, i.e., it affected selec- 
tively tumor cells. The significance of 
the testing methods used and the value 
of their results for the clinical applica- 
tion of acriflavine in prevention of 
tumor-cell spread in tissues are dis- 
cussed.—J. Nat. Cancer Inst. 23: 
841-855, 1959. 


THE PRESENT trend in the search for therapeutic agents against 
malignant neoplasms is predominantly toward the screening of anti- 
metabolites, since they offer better prospects of selective action than 
cytotoxic drugs (1). The choice of a substance is often motivated by 
its growth-inhibiting and metabolite-suppressing effects in cultures of 
microorganisms in vitro (2) or in bacterial infections in vivo (3). It is 
therefore rather surprising that acriflavine compounds were tested experi- 
mentally, for their effect on tumors, by only a few authors (4), and, gen- 
erally, among numerous other agents screened by a single standard 
method of tumor inoculation and route of treatment, which was mostly 
! Received for publication April 10, 1959. 


? This project was supported by research grant DRG-466 from the Damon Runyon Foundation, and by research 
grant C-2080 (C5) from the National Cancer Institute, National Institutes of Health, Public Health Service. 
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subcutaneous (6-7). The clinical assay of acriflavine was done mainly 
on infected tumors, usually of the breast and the bladder (8, 9), and 
therefore any improvement in the condition of the patients could be 
attributed at least partly to the strong antiseptic action of these 
compounds. 

Acriflavines were discovered in 1909 by L. Benda (10) who was an 
associate of Paul Ehrlich, and were tested, by both authors, for their 
action on trypanosomes. In 1910 Werbitzki (11) reported that acri- 
flavine hydrochloride (Trypaflavine) injected into a rat infected with 
trypanosomes was localized selectively on the blepharoplast (second 
nucleus); this cell damage may be responsible for trypanocidal effects. 
In 1917 Browning (12) recommended acriflavines for antibacterial therapy 
of wounds. In numerous publications on this subject the consensus 
was that acriflavines were of low toxicity, highly efficient in various 
bacterial and protozoal infections, and slowly absorbed from the site of 
injection (3, 13). Martin and Fisher (2) have reported that in micro- 
organisms acriflavines inhibit physiologically important adenine-con- 
taining factors such as coenzymes I and II; these authors have reviewed 
the literature (up to 1943) on the interference of these compounds with 
bacterial metabolism, which may account for their antibacterial effects. 

It seemed to us that storage of acriflavines at the site of injection, their 
selective damage to the cell nucleus in protozoa, and their effect on cell 
metabolism might suggest a trial of their local use against malignant cells. 
Accordingly, we have tested their ability to inhibit the growth and spread 
of tumor cells in tissues and exudates by topical application; these 
experiments are reported. 


MATERIAL AND METHODS 


Mice and tumor strains.—Male and female CFW mice (Carworth Farms, 
New City, N.Y.) and Swiss albino mice (Albino Farms, Red Bank, N.J.) 
weighing 24 to 27 gm. were used. Tumor strains Krebs-2 carcinoma and 
Sarcoma 180 were carried serially as ascites tumors in our laboratory. 

Tumor-cell inoculation, withdrawal, and counts in the ascitic exudate.-- 
Techniques of inoculation, of exudate withdrawal, and of cell counts in 
the exudate, as well as the method for calculation of tumor cell concentra- 
tions from total and differential counts, have been described in our early 
publications (14-17). The standard pattern of peritoneal implantation, 
periuterine localization, was induced. Approximately 10’ or 10° tumor 
cells were inoculated whenever a massive growth was planned; in some 
preliminary experiments the dose was reduced to 10° to obtain a relatively 
low level of free tumor-cell concentration and implantation. The exudate 
was withdrawn for counts 3 or 4 days after inoculation; tissue specimens 
were taken for microscopic examination 6 to 72 hours after treatment of 
a 4-day-old growth. 

Recording spontaneous implantation.—The majority of untreated con- 
trol mice died within 10 days after an inoculation with a large number of 
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cells, and within 15 days after small inoculums. In those surviving 
longer, the implants were often necrotic. For this reason, the mice that 
had not died within 10 days were killed on the 10th day, and autopsies 
were performed. The extent of implant growth was graded as follows: 
0 = no macroscopic implants; + = small nodules not more than 2 mm. 
in diameter; ++ = tumor 3 to 5 mm. in longer diameter; +++ = tumor 
larger than ++. The uniform pattern of periuterine localization and 
growth of implants provided a useful standard for an estimate of the 
extent of growth. 

Induced implantation.—The abdominal wall of the mouse was divided 
into four quadrants and the peritoneum was punctured inside each 
quadrant with a 20-gauge needle. Twenty-four hours later, the animal 
was given an intraperitoneal inoculation (thus adding a fifth puncture) 
of tumor cells. When untreated animals were autopsied, large tumor 
nodules, with few exceptions, were found in the muscle beneath the 
peritoneum at the sites of punctures. Nodules up to 2 mm. in diameter 
were recorded as +; 3 to 5 mm., as ++; larger, as --+-+; absence of 
visible growth, as 0. 

Experimental infiltration of subcutaneous tissue with free ascitic tumor 
cells—We have reported previously (16, 18) sharply localized growth of 
scalp tumors from free cell inoculums and their suitability for quantitative 
estimation of normal tissue invasion. In our present investigation we 
have used scalp tumors for testing the effect of an agent on the spread of 
subcutaneous malignant growth (see table 2). Ascitic exudate was 
inoculated into the scalp just above the eyes and the nose. The interval 
between the dates of inoculation and death was recorded. The extent 
of tumor spread was evaluated as follows: no growth, as 0; strictly localized 
growth on the top of the scalp, reaching orbits without involvement of 
the eyelids, as +; growth covering the whole area between the neck, 
the orbits involving the eyelids, and the ears, as ++; growth extension 
on the ears, the neck, and the face, as +--+. 

Extent of tissue invasion by free cells —We have stated previously (14) 
that, in female mice, periuterine tissue invasion by tumor cells followed 
a standard pattern of localization which varied only quantitatively. For 
ascites tumor in male mice we have applied the following scale of tissue 
invasion, which was based on the extent of tumor-cell infiltration into the 
pancreas and into the loose connective tissue between the pancreas and 
the ventral surface of the spleen: no infiltration = 0; edematous connec- 
tive tissue, groups of tumor cells outside and between the pancreas 
lobules = +; perisplenic tissue partly replaced by infiltrated tumor cells, 
either free or organized as tissue, widely separating the pancreas lobules 
= ++; perisplenic tissue mostly replaced by tumor encircling the pan- 
creas lobules and the acini = +++; perisplenic tumor, malignant cells 
penetrating into the pancreatic acini, = ++++. 

Intrascrotal inoculation and treatment.—A 23-gauge, long hypodermic 
needle punctured the skin at the junction of the upper and the lower left 
quadrants of the abdomen. It was introduced between the skin and the 
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peritoneum into the scrotal cavity, before injection of the tumor-cell 
suspension or a drug solution. In 92 percent of control animals a round 
tumor grew inside the scrotal wall (scale of estimated growth as previously 


a ‘~ mentioned) and eventually an ascites tumor occurred (see table 2). 
& Acriflavines.—Acriflavine hydrochloride and neutral acriflavine (Abbott 
Laboratories) were assayed comparatively in initial experiments; they 


showed no significant difference in activity, but the neutral compound 
was selected and used exclusively in the main experiments to avoid 
nonspecific factors such as slight acidity (13). The standard dose was 
0.2 mg. intraperitoneally and 0.4 mg. subcutaneously, 7.e., 0.2 ml. and 
0.4 ml. of a 1: 1000 solution for mice weighing not less than 24 gm.; higher 
doses of 0.4 to 0.5 gm. were tolerated intraperitoneally if injected in a 


is larger volume (2 cc.) of a higher dilution (1: 10,000). 
se Controls to acriflavine.—In each of 3 series of experiments a group of 
; i 10 mice received 0.002 mg. of achromycin (Lederle) intraperitoneally 
P or subcutaneously and acriflavine was given to experimental mice; 


negative results in controls showed that the topical effect of acriflavine 
could not be attributed to its antiseptic action on eventual latent infection. 

Pattern of experiment.—In each series of experiments, acriflavine was 
given by a different route. In various groups of the same series, inocula- 
tions of graded doses of tumor cells were followed at various intervals 
(2 to 48 hours) by treatment with 2 to 4 daily injections of various doses 
of acriflavine, by the same route; thus, each experiment produced results 
of a different combination of 3 variants, i.e., the amount of inoculum, 
the interval between the date of inoculation and the date of first treatment, 
and the schedule of treatment—doses given in each of the daily injections 
on successive days. Moreover, direct effect of acriflavine on tumor 
cells was assayed quantitatively by incubating graded doses of tumor 
cells in solutions of acriflavine of various concentration, in a volume of 
2 ml. Control cell suspensions contained the same doses of tumor cells 
in 2 ml. of an 0.85 percent NaCl solution adjusted to the pH of the acri- 
flavine solution, 6.5 or 6.6. All suspensions were shaken often and after 
2 hours injected intraperitoneally into mice; 4 days later peritoneal 
fluid was withdrawn from these mice, smeared on slides, and stained by 
the aceto-orcein method (15); the scarcity or lack of tumor cells in speci- 
mens from experimental mice and the abundant growth (numerous 
mitoses) in controls were accepted as evidence of the inhibiting effect 
of acriflavine on tumor cells in vitro. 


RESULTS 


Peritoneal Growth 


Proliferation of free tumor cells in the ascitic fluid, their implantation 
into the peritoneal wall, and their invasion of visceral connective tissue 
were inhibited by intraperitoneally injected solutions of neutral acri- 
flavine. This phenomenon was studied in relation to 4 factors: tumor 
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strain, dose of inoculated tumor cells, stage of growth at the beginning 
of the treatment, and schedule of the treatment (number and doses of 
injections). Various quantitative combinations of these factors were 
more or less efficient in suppressing the growth and spread of tumor cells, 
as shown in table 1. 

The data of table 1 suggested the following conclusions: (1) Use of 
different tumor strains, Krebs-2 and S-180, in similar experimental condi- 
tions (groups Al, A2, A3, and A4) was not associated with any wide 
differences in the results; thus, for two fast-growing tumor strains, the 
strain factor was unimportant. (2) Complete or significant inhibition of 
tumor-cell viability (figs. 1, 2, 3, and 4) was achieved only if the first 
treatment followed the inoculation by not more than 24 hours, 7.e., in the 
early stage of tumor growth (series A and B as compared with series C); 
thus, early treatment was a condition essential to complete inhibition. 
(3) Small doses of 0.2 mg. of acriflavine repeated 4 times resulted in higher 
tumor cell inhibition and were better tolerated than 2 high doses of 0.5 
mg. Longer intervals (2 to 4 days) between 2 injections of 0.5 mg. did 
not increase but rather decreased the effect on tumor cells. Both efficiency 
and tolerance were increased by administration of acriflavine in a higher 
dilution—in 2 ml. instead of 0.2 or 0.5 ml., as in preliminary experiments. 
There was no damage to normal tissue in the injected area, but slight 
systemic symptoms, e.g., lack of appetite and loss of weight, were induced 
by higher doses of 0.5 mg., probably as the result of the diffusion of acri- 
flavine into the circulating blood. (4) These factors were screened against 
a standard large dose of tumor cells, 10°, but in preliminary experiments 
with smaller inoculum, 10°, complete inhibition was achieved even in the 
conditions of series A2 and A3. (5) All observations indicated that attenu- 
ation of tumor-cell viability in ascites tumors and tolerance of the mouse 
depended on the maintenance, obtained by repeated fractionated doses, 
of optimum acriflavine level in ascitic fluid; the effects on tumor cells 
within the range of our experiments were inversely proportionate to their 
concentration, which depended on the size of the inoculum and the age 
of its growth, in the same fluid. 


Subcutaneous Growth 


Tumors were implanted subcutaneously into the scalp, the scrotum, 
and the abdomen. Growth and spread (labeled together as “‘extension”’) 
of implants in the first two areas of treated and untreated animals are 
reviewed in table 2. 

As in table 1, the experiments in table 2 were arranged for outlining 
the role of tumor factors (strain, size of the inoculum, and age of growth) 
and the treatment schedule (doses and number of injections) in the 
occurrence of quantitatively evaluated differences between treated mice 
and their controls in each group. The data obtained are analogous to 
those in peritoneal growth with the following differences: (1) a large 
(10?) number of inoculated cells was completely inhibited by early (after 
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TasLE 2.—Subcutaneous growth of implants in the scalp and the scrotum after peri- 
tumoral tissue infiltration with various repeated doses of acriflavine* 


Doses of 

Interval acrifla- 

between vine and 

inocula- number 
tion and of daily Extension of tumor Mice survival 
Series first treat- injections growth in mice after 30 days 

and ment (mg. in 

group Tumor strain (hours) 0.6 ml.) Treated Controls Treated Controls 


Scalp implantst 


x 


xXXXXXXX 

++ 
onoorooroe 


Scrotum implants 


+ + ++ 


+ 


0.5 
0.3 
0.5 
0.5 
0.3 
0.1 
0.5 
0.5 
0.3 


*Results based on 20 mice in each group. All animals were inoculated with 10’ tumor cells. 

+Extension of implant growth in the scalp was graded as follows: no growth = 0; strictly localized growth on top 
of scalp reaching orbits without involvement of eyelids = +; growth covering whole area between neck, orbits 
involving eyelids and ears = ++; growth extension on ears, neck, and face = +++. 


2 hours) administration of average amounts, 0.3 mg. X 4, of acriflavine; 
(2) 3-day-old tumors regressed, however, with cicatrization in scalp im- 
plants (fig. 7) and necrotization in scrotum implants (fig. 9) after standard 
treatment (groups C1, C2, F1, and F2); (3) requisite doses of compound 
were injected in a volume of 0.5 ml. instead of 2 ml. for peritoneal cavity; 
(4) in preliminary experiments (unrecorded here), regression of 2-hour 
growth could be obtained occasionally with a single dose of 0.5 mg. in 
scalp tumors; in experiments (nontabulated) with subcutaneous tumors 
of the abdomen, incomplete regression in treated animals was often 
evidenced by tumor outgrowth from a small area on the periphery of the 
scalp surface or at the site of scrotal sac attachment; their regression 
occurred as intensive necrotization, often with infection, which made the 
results unsuitable for precise quantitative evaluation. Small, sharply 
delimited nodules in treated mice contrasted with diffuse growth and 
spread of tumor in controls and illustrated the effect of peritumoral 
treatment on both growth and spread of the inoculum. 

In the experiments of table 3, tumor cells were placed in direct contact 
with acriflavine in vitro and their viability after the exposure was tested 
in vivo by intraperitoneal inoculation. 
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The data in table 3 are based on several experiments, each using the 
same sequence of acriflavine concentration. The results for each concen- 
tration were pooled and tabulated. The results could be summarized 
in a statement that the attenuation in vitro of tumor-cell viability was 
inversely proportionate to the concentration of tumor cells in their inoculum 
suspension. It should be emphasized that even large doses (10°) of cells 
were inactivated in lower (1:2000) concentration of acriflavine (groups 
El and E2). Concentrated solutions of acriflavine (D1 and D2) induced 
clumping and inhibited viability of tumor cells less completely than in 
higher dilutions; it is probable that only cells on the surface of clumps 
were exposed to acriflavine. Clumping never occurred on a low dose 
level and, therefore, it could not be attributed to any other factor than 
high concentration. Clumping of bacteria in high concentrations of acri- 
flavine was described by other authors (3, 12). Scanty cells detected in 
ascitic fluid by microscopic examination (tables 1 and 3, series A and B; 
fig. 1) often showed lack of viability in bioassay, i.e., after their transfer 
into the peritoneal cavity of new mice. 

The possibility of action in vivo in acriflavine experiments of table 3 
is entirely excluded, since a single injection of acriflavine even in higher 
doses never induced sizable inhibition of ascitic tumor-cell viability. 

It should be also remembered that the effect in vitro of neutral acriflavine 
could not be attributed to the pH. 

Implantation (nodules) of tumor cells from the ascitic fluid at the sites 
of abdominal punctures (see induced implantation in Materials and 
Methods) could not be induced in treated animals if the punctures were 
performed before tumor-cell inoculation. However, they occurred in 
areas punctured for daily injections of the compound (fig. 5). In untreated 
animals implantation occurred consistently at all sites of punctures, 
whether performed before or after inoculation (fig. 6). In other words, 
the treatment prevented implantation of tumor cells from the fluid 
into fibrin and connective tissue made available by the puncture, but not 
if tumor cells had access to the needle canal before reparative processes 
had set in. The significance of these findings will be discussed. 


DISCUSSION 


Woglom (19) stated that a “transplantable tumor although a malignant 
neoplasm is in itself, one of the most harmless things imaginable, exerting 
no evil effect until by ulceration it has become a portal of entry for bac- 
teria, or until hemorrhage or metastasis has supervened.”’ Thus, he 
emphasized that the “virulence” of experimental tumors, i.e., their dam- 
aging effect on the host cannot be estimated in terms of death rate of 
tumor-bearing mice. By the same reasoning, reduction of their lethality, 
i.e., extension of their lifespan after treatment with an agent, is an evi- 
dence of the “carcinolytic” property only if the antiseptic, antihemor- 
rhagic, and other nonspecific effects were excluded. Lettré’s (6) report 
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on the extended survival of a group of mice with Ehrlich’s adenocar- 
cinoma ascites tumor after treatment with acriflavine could be attributed, 
at least partly, to the effect of an eventual latent infection. Accordingly, 
it occurred to us that, for this purpose, routine tests of presumably anti- 
tumor agents, which were introduced years ago (20, 21), and used for as- 
saying their ability to induce regression of tumor tissue and to increase 
the lifespan of the host, could be usefully supplemented by additional 
methods, accepting as a test object tumor cells growing free in the fluid 
and spreading by infiltration into tissues. 

In the present investigation we have tested an acriflavine compound— 
neutral acriflavine— only topically, by injections into areas where pre- 
viously inoculated cells had spread and initiated growth. This choice 
of route has been suggested by recent developments of topical chemo- 
prevention and radioprevention of tumor-cell spread in normal tissues 
as more promising than systemic chemotherapy in some stages and mani- 
festations of malignant disease (18, 22, 23). Thus, intracavitary treat- 
ment of peritoneal and pleural carcinosis with radioisotopes or nitrogen 
mustards has been universally accepted. Shimkin and Moore (24) have 
initiated as a part of their adjuvant chemotherapy program a planned 
trial of topical chemotherapy for prevention of tumor-cell spread from 
operative wounds into surrounding tissues and the blood. It seemed 
to us that our methods of chemoprevention, which are described and 
applied in the present investigation, may contribute to investigation of 
the problems introduced by the previously mentioned new orientation of 
clinical chemotherapy. A study of similar problems in rats has been 
reported recently by Druckrey et al. (25). 

Our results in vitro in table 3 have demonstrated irreversible, at least 
in conditions of our experiments, disappearance of viability even in a 
large number (10) of tumor cells after their incubation in neutral acri- 
flavine in concentrations well tolerated by mice (tables 1 and 2) and by 
humans (3, 9, 12). This effect of acriflavine is obviously specific and 
can be attributed to the mechanism responsible for its specific affinity 
for the protozoal nucleus (11) and its inhibition of some essential metabo- 
lites (2) in bacteria. 

This complete inhibition of tumor-cell activities in vitro could be 
demonstrated also in vivo when the compound was injected into the 
peritoneal cavity (table 1) or subcutaneously (table 2) shortly after 
inoculation with a relatively high number of tumor cells (10°). More 
copious inoculums (10’) or delayed treatment, more than 24 hours after 
inoculation, resulted in only a partial inhibition. Accordingly, in ascites 
tumors, topical acriflavine injections produced significant preventive 
results and only moderate therapeutic effects. 

In subcutaneous tumors, in particular those of the scalp, even a late 
peritumoral treatment arrested the spread of tumor cells (table 2; figs. 
7, 8, 9, and 10). 

_ The action of acriflavine on tumor cells was distinctly selective. No 
damage to normal tissues was produced in new mice by the doses and 
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concentrations used in our experiments. In treated tumor-bearing ani- 
mals no gross changes were noted in normal tissues after disappearance 
of infiltrating tumor cells; after late treatment peritoneal and subcutaneous 
implants became frequently totally or partly necrotic, but their sur- 
rounding tissue was involved only by a low-grade inflammation and by 
cicatrization. 

Tumor-cell suspensions in our experiments are inhibited in their growth 
by acriflavine in considerably higher concentration than bacterial cells 
in experiments of early authors (3, 12); however, this quantitative 
difference in the effect may be explained by the higher ability of tumor 
cells, as more complicated and organized structures, to escape up to a 
certain level the effect of the antimetabolite by using alternate (substitute) 
metabolism. An analogous difference between little differentiated tumor 
cells and highly differentiated normal cells, implying still higher resistance 
of normal cells to antimetabolites by adoption of an alternate metabolic 
process, may account for the selected damaging effect of acriflavine, and 
perhaps of some other antimetabolites, on tumor cells. 

Our results resemble the outcome of our experiments carried out by 
similar methods on preventive application of Thio-TEPA in ascites and 
subcutaneous tumors (23). However, Thio-TEPA had the advantage 
of more rapid action on tumor cells which disappeared almost completely 
within 24 hours after the first injection. In ascites tumor-bearing mice 
treated with Thio-TEPA, no implantation was found at the site of punc- 
tures made either before or after intraperitoneal inoculation, while 
acriflavine prevented implantation only if the peritoneum was punctured 
before inoculation (figs. 5 and 6). Acriflavine had the advantages of 
very low toxicity and of copious storage in the injected tissue. These 
advantages recommend a clinical trial of acriflavine for prevention of 
tumor-cell spread in peritumoral tissue, for inhibition of growth from 
already infiltrated cells, and for intracavitary therapy, perhaps as an 
adjuvant to already accepted agents. 


CONCLUSIONS 


1. A large number (10°-10") of Krebs-2 or S-180 tumor cells, incubated 
for 2 hours in a 1:1000 solution of neutral acriflavine and injected intra- 
peritoneally into new mice, failed to induce growth; thus, their viability 
was specifically and irreversibly inhibited by acriflavine. This phe- 
nomenon was attributed to inhibition, by acriflavine, of adenine-containing 
cell metabolites and to a selective damaging effect to the nucleus of some 
free cells, as described by several authors for bacteria and protozoa. 

2. Daily intraperitoneal injections of 0.2 mg. of acriflavine in 2 ml. 
of water, starting 24 hours after inoculation of the mouse, arrested com- 
pletely the proliferation of free tumor cells and their spread and implanta- 
tion into peritoneal tissue of ascites tumors, Krebs-2 and S-180. This 
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inhibition was only partial (a) if lower doses of acriflavine, 0.1 mg., were 
given; (6) if longer intervals elapsed between inoculation and treatment; 
or (c) if a larger number (10’) of tumor cells were inoculated. 

3. Similarly the outcome of topical treatment, with the same doses 
and number of injections, of circumscribed skin areas (the scalp and the 
scrotum) infiltrated with tumor cells was directly proportionate to the 
dose of acriflavine, within the range used, and inversely to the interval 
between inoculation and treatment and to the size of the inoculum. 

4. It was concluded from 2 and 3 that early topical administration 
of acriflavine had a significant preventive effect on proliferation and 
spread of tumor cells. 

5. Late treatment of subcutaneous inoculum arrested the spread of 
proliferated tumor cells and often induced their necrosis with (the scalp) 
or without (the scrotum) cicatrization. The absence of gross damage to 
normal tissue in these and new mice after injections of acriflavine demon- 
strated the selective quality of its effect on tumor cells. 

6. It is hoped that acriflavine may find application for the prevention 
of tumor-cell spread in tissues and in cavities, and that the methods 
used in this investigation may help to screen other agents for similar 
applications. 
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PLATE 69 


Ficure 1.—Smear from ascitic fluid 8 days after inoculation of 10® tumor cells, 2 da 
after 4th daily injection of 0.2 mg. acriflavine. 


liaure 2.—Smear from untreated mouse; control to figure 1. 
Figure 3.—Peritoneal cavity of mouse inoculated and treated.as in figure 1. 
Ficure 4.—Untreated mouse; control to figure 3. 


Ficure 5.—Abdominal wall of mouse punctured (on left side) before inoculation and 
treatment as in figures 1 and 3. 


Figure 6.—Untreated mouse; control to figure 5. 


Picure 7.—Sealp implant 12-day-old, treated with 4 daily peritumoral injections of 
2 mg. acriflavine, starting 72 hours after inoculation. 


Figure 8.—Untreated scalp implant; control to figure 7. 


Figure 9.—Scrotum implant 14-day-old, treated with 4 daily peritumoral injections 
of 2 mg. acriflavine, starting 24 hours after inoculation. 


Ficure 10.—Untreated scrotum implant; control to figure 9. 
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A Study of Aminopeptidase Activity in the 
Stroma of Neoplastic Tissue, With a Compari- 
son of Histochemical Techniques *? 


G. G. GLENNER,? M. S. BURSTONE,‘ and D. B. 
MEYER,*’® National Institute of Arthritis and Metabol- 
ic Diseases,’ and National Institute of Dental Research,’ 
Bethesda, Maryland 


SUMMARY 


A histochemical examination of amino- 
peptidase activity in over 120 benign 
and malignant tumors revealed intense 
peptidase activity in the stroma adja- 
cent only to those tumors showing 
invasive characteristics. The method 
also demonstrated that certain human 
tumors, such as carcinoma of the 
stomach, colon, and breast, and a 
meningioma had aminopeptidase ac- 
tivity within the tumor cells proper. 
Aminopeptidase activity in the stroma 
adjacent to invasive tumor is evidence 
of proteolysis and suggests that a 
prominent mechanism of tumor in- 
vasioa is by the proteolytic destruction 
of the stromal compartment. How- 
ever, this does not imply that all 
invasive tumors show increased stromal 
aminopeptidase activity, for other en- 
zyme mechanisms not demonstrable 
by the present technique may be 
responsible for stromal dissolution in 
certain tumor types. It is possible 
that stromal proteolysis may be elicited 
by a factor elaborated by tumor cells 


which activates the peptidase, or may 
represent activation as the result of an 
immune _ response. Histochemically 
demonstrable stromal proteolytic ac- 
tivity may be correlated with the 
invasive capacity of the tumor, but is 
not related to its grade of anaplasia or 
the extent of adjacent fibroplasia. The 
aminopeptidase activity demonstrated 
histochemically by using L-leucyl-s- 
naphthylamide has not been identified 
as ‘“‘leucine’”? aminopeptidase since 
neither metal-ion dependence nor rela- 
tive amino acid substrate specificity 
correlates with that defined by Smith 
et al. The new modification for the 
histochemical demonstration of amino- 
peptidase activity on fresh frozen and 
frozen-dried tissue sections is compared 
with a method utilizing an inhibitory, 
slow-coupling diazonium salt, and the 
inherent errors in interpretation when 
using the latter method are de- 
scribed.—J. Nat. Cancer Inst. 23: 
857-872, 1959. 


THE HISTOCHEMICAL demonstration of prominent aminopeptidase 
activity adjacent to invasive tumor was first described by Burstone (1), 


and subsequent validation of this finding has been reported (2, 3). 
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significance of proteolytic activity at the periphery of invasive tumor 
has not been thoroughly investigated, though it has been claimed by 
some that the increased aminopeptidase activity of tumor stroma is 
related to nonspecific fibroblastic proliferation (4). This paper presents 
an evaluation of the possible role and mechanism of proteolytic activity 
in the stroma surrounding invasive tumor, as well as a modification of 
the original technique for the demonstration of aminopeptidase activity 
for use on fresh frozen tissue sections. 


MATERIAL AND METHODS 


Over 120 specimens of surgically removed human tumor tissue were 
histochemically examined for aminopeptidase activity. Sections from 
both intramuscularly and subcutaneously implanted rat and mouse 
tumors, of type Dunning lymphosarcoma R2788, rat, Mammary car- 
cinoma 241-6, mouse, Lymphosarcoma L-2, mouse, thorotrast-induced 
Spindle-cell sarcoma H-38290-TTT, mouse, and Osteogenic sarcoma 112, 
mouse, were studied. Normal tissue from rat, mouse, guinea pig, dog, 
monkey, and human material was used, as well as tissue from buman 
wounds excised at intervals after incision. Artificial induction of fibro- 
plasia was stimulated in rats and mice by intradermal nuchal injection of 
turpentine and also by the injection of a 1 percent saline solution of 
carrageenin,® with specimens of tissue being removed 5 and 10 days 
d later (5). The techniques utilized for comparison were those of Burstone 
(6), on frozen-dried material, and of Seligman ef al. (7), on raw frozen 
tissue. Tissue taken for examination was either frozen immediately by 


wee 


* > placing the specimens on dry ice for use with the Adamstone-Taylor 

bs on technique or placed in isopentane at approximately —150° C. for use 

et i with the freeze-dry method. Substrates used were syntlesized in our 
io laboratories and compared with those commercially available.° These 
i included pt-alanyl-§-naphthylamide, t-leucyl-8-naphthylamide and 


phenylalanyl-s-naphthylamide. Potential inhibitors and activators were 
used in the concentration described in the text. 


Technique 


A modification of the existing techniques (6, 7) for the demonstration of 
aminopeptidase activity was used. Of paramount importance in this 
reaction is the precipitation in situ of the released naphthylamine by a 
rapid-coupling diazonium salt. Such salts are characterized by Garnet 
GBC (diazotized o-aminoazotoluene) and Corinth V (diazotized 5-methyl- 
4-(nitro-p-tolylazo)-o-anisidine)" (8). With Corinth V, a purple-black 


5 Seakem, Type 14, furnished through the courtesy of Seaplant Chem. Corp., New Bedford, Mass. 
® Mann Research Lab., New York, N.Y. Certain commercial aminopeptidase substrates contained [ree 
8-naphthyamine as an impurity and these gave spurious staining reactions. 

1 Corinth Fast Salt V concentrate furnished through the courtesy of General Aniline and Film Corp., New 
York, N.Y. 
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dye is deposited at the sites of aminopeptidase activity. The dye is then 


“4 chelated with copper in situ to enhance stability of the reaction products. 
” On chelation no bathochromic shift is noted. 
Ly 
of Hc ‘Cu 
by 
| 
NOs 

Trxt-FIGURE 1.—Copper chelate of reaction product (see 7) of the hydrolysis of 
ne Di-alanyl-8-naphthylamide coupled with Corinth V salt. 
m 
se Procedure 
The incubating solution was identical to that previously described (6) 
9 except for the substitution of Corinth Fast Salt V (15 to 20 mg. per 
, Coplin jar) for Garnet GBC. The substrate in most cases was pL-alanyl- 
6-naphthylamide and in specific instances 
a, amide was employed. Fresh frozen sections mounted on slides were used. 
of After incubation for 10 minutes to 1 hour, the slide was placed in a 2 
of percent aqueous copper sulfate solution for 10 minutes, washed with water 
ys for 10 minutes, taken through 15-minute rinses in 30, 50, and 30 percent 
#3 alcohol to remove decomposed diazonium salt, rinsed in water for 5 
ae minutes, and then mounted in glycerol jelly containing several drops of 
by 2 percent copper sulfate. When frozen-dried sections were used, the 
ie incubation time varied from 2 to 6 hours. 
se 
ur Specificity of the Enzyme 
- The relative hydrolysis rates of the substrates used for the demonstra- 
on tion of aminopeptidase activity have been previously estimated (9). 
a These rates of hydrolysis vary markedly from those obtained by Smith 

who used a preparation of “leucine” aminopeptidase with comparable 

amino acid amides (10). Inhibitors for various known peptidases not 

previously utilized and re-evaluation of others were attempted at the 

following concentrations: guanidine 1.5m, Versene 0.01mM, DTPA” 0.1m, 
of Na salicylate 0.01m, chloromercuribenzoate 0.005, citrate 0.005m, but 
his no significant inhibition was noted. Attempted activation failed with 
the following: Cot+ 0.001m, Mgtt+ 0.001m, Mnt+ 0.004, ascorbic acid 
vet 0.005m, and cysteine 0.005m. However, CN- 0.01m, Pbtt+ 0.001, 
ft Cd** 0.001m, and Cut+ 0.001 inhibited enzymatic activity significantly. 
ck It is apparent that the enzyme demonstrated by the hydrolysis of either 

leucyl- or alanyl-8-naphthylamide is by definition neither “leucine” 
{rev aminopeptidase (10) nor cathepsin III (11). 
L-leucyl-8-naphthylamide may be used also, 

 Diethylene triaminopentaacetic acid furnished through the courtesy of Geigy Chem. Corp., Ardsley, N.Y. 

TE 
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Histochemical Findings 

All substrates were capable of giving useful histochemical localizations. 
Freeze-dry sections showed sharper localizations, as well as a greater 
contrast, between the staining of stromal components, i.e., ground sub- 
stance and connective-tissue cells and fibers adjoining neoplastic and non- 
neoplastic tissue, as compared with fresh frozen sections. It is important 
to note that ground substance is better preserved in frozen-dried tissue 
than in fresh frozen sections. The incubation period required for the 
demonstration of enzymatic activity was usually shorter for fresh frozen 
sections than for corresponding frozen-dried material. However, when 
excessively prolonged incubation (2 to 4 hours) of fresh frozen tissues 
was carried out, all reactive sites eventually acquired a similar staining 
intensity. This did not occur when frozen-dried sections were incubated 
for prolonged periods (4 to 20 hours). 


Normal Tissue 


Fibroblasts of normal human and normal rodent skin showed slight 
aminopeptidase activity throughout, with most prominent activity in 
the immediate subepidermal zone. Intestinal villus epithelium, but not 
the entire villus, showed conspicuous aminopeptidase activity in the 
human, rodent, and dog. Intense staining of human synovial villus 
epithelium was noted. The alveolar-lining cells of the-dog lung showed 
significant activity. The epithelium of the epididymis of the rat revealed 
strong luminal activity, while in cold formalin-fixed tissue, eosinophils 
in the intestinal mucosa stained deeply. In the guinea-pig kidney, 
vascular bundles in the medulla and only the brush border of all proximal 
tubules displayed activity. Only in the monkey, among the animals 
examined, was glomerular staining noted, and this staining was confined 
predominantly to the parietal layer of Bowman’s capsule. A demon- 
stration of aminopeptidase activity with the present method on fresh 
frozen rat kidney is shown (fig. 1), and compared with a serial section 
stained by a method previously described [(7), fig. 2]. Pronounced 
inhibition by diazonium salt and diffusion of the hydrolyzed naphthyl- 
amine as the result of slow coupling with Diazo Blue B was noted (ef. 12). 
The results obtained with the present method correspond with those 
previously described on frozen-dried tissues (6), but many vary from 
those reported on fresh frozen sections (7). 


Inflammatory Tissue 


An early rheumatoid nodule showed prominent aminopeptidase activity, 
as originally reported by Burstone (1). This activity was most marked 
in foci of “fibrinoid” necrosis and in areas of necrosis involving small 
vascular channels. In many sites the vessel undergoing necrosis and 
peripheral tissue displayed strong activity (fig. 9). Many areas of 
active fibroblastic proliferation in the rheumatoid nodule failed to reveal 
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significant aminopeptidase activity (fig. 9). In sections of healing 
wounds fibroblasts were minimally stained, but macrophagic and inflam- 
matory cell staining was prominent. Sections were taken from sites of 
the healing incision at intervals corresponding to the times of maximal 
fibroblastic proliferation (13), and no prominent enzymatic activity of 
fibroblasts was noted. A comparison with older, less plump fibroblasts 
in the normal corium showed enzymatic activity of a similar degree. In 
an area of active cicatrix formation, fibroblasts were essentially unreactive 
(fig. 3). Granulation tissue at the bases of an acute gastric ulcer, a de- 
cubitus ulcer, and a dental granuloma contained the greatest activity in 
inflammatory cells and in small proliferating vascular channels, as 
previously reported (1). In artificially induced fibroplasia stimulated by 
carrageenin (5) marked fibroplasia was noted, but again aminopeptidase 
activity was minimal and most areas of proliferating fibroblasts showed 
insignificant staining, though the enzymatic activity in macrophages 
was often intense. A similar observation was made in rats treated with 
intradermal injections of turpentine. 


Neoplasms 


Specimens of benign and malignant tumors as well as inflammatory 
and retention cysts from human surgical material were examined (table 
1). The localization of aminopeptidase activity was, in many instances, 


compared with the hematoxylin- and eosin-stained consecutive section or 
sections stained by the Feulgen reaction. 

Adenocarcinoma.—Intense stromal activity in a specimen of rectal 
carcinoma was noted (fig. 4), while no staining in the luminal borders of 
tumor acini was evident. In colonic carcinoma, however, the staining 
of the luminal borders of neoplastic glands (fig. 10) was seen in all cases 
examined, while in certain instances intense stromal activity was also 
present either in areas of invasion of the submucosa or in stromal tissue 
isolated by the neoplasm. It was possible in several cases of early malig- 
nant degeneration of a rectal polyp to locate precisely the area of invasion 
by the stromal staining visible when the tissue section was viewed grossly. 
The greatest intensity of staining occurred nearest the invasive tumor 
cells, and was less intense at a distance from the area of invasion. The 
adenocarcinoma of the stomach showed conspicuous activity of tumor 
cells with minimal activity of invaded stroma. In the follicular and 
papillary carcinomas of the thyroid, evidence of stromal activity was 
present only in areas of active invasion by neoplastic microfollicles or 
individual malignant cells. 

Epidermoid carcinomas.—Pronounced stromal activity was apparent in 
all cases of laryngeal carcinoma (fig. 5), epidermoid carcinoma of the 
cervix, and in squamous carcinoma of the skin (fig. 6), while the sections 
of lingual carcinoma revealed intense activity where the tumor invaded 
striated muscle. In many sites where there was marked fibroblastic 
activity surrounding sheets and groups of malignant cells, no peptidase 
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TasLe 1.—Aminopeptidase activity in neoplasias 


Tumor 

cell or 

Number’ Stromal epithelial 

Neoplasms cases activity activity 


Malignant 
Adenocarcinoma—rectum 
Adenocarcinoma—lung 
Adenocarcinoma—colon 
Adenocarcinoma—stomach 
Adenocarcinoma—uterus 
Adenocarcinoma—salivary gland 
Follicular and papillary carcinoma—thyroid 
Epidermoid carcinoma—pharynx 
Epidermoid carcinoma—anus 
Squamous carcinoma—vulva 
Squamous carcinoma—lip 
Epidermoid carcinoma—epiglottis 
Epidermoid carcinoma—tongue and mouth 
Epidermoid carcinoma—cervix 
Epidermoid carcinoma—trachea 
Epidermoid carcinoma—larynx 
Epidermoid carcinoma—antrum and paranasal 

sinuses 

Epidermoid carcinoma—tonsil 
Squamous carcinoma—skin 
Basal-cell carcinoma—skin 
Melanocarcinoma 
Lobular carcinoma—breast 
Scirrhous carcinoma—breast 
Hepatocellular carcinoma 
Adrenal cortical carcinoma 
Lymphosarcoma 


++ 


— 
+ 


coonotHooo oo 


Benign and hyperplasia - 
Desmoid—abdominal wall 
Gingival polyp 
Lipoma 
Islet-cell adenoma—pancreas 
Parathyroid adenoma 
Hemangioma—capillary 
Ganglioneuroma 
Leiomyoma—uterus 
Fibroma—extremity 
Mixed tumor—parotid 
Polyp—colon 
Meningioma 
Fibrocystic disease—breast 
Prostatic hyperplasia 


activity was demonstrable. In most cases peptidase activity was not 
present in all stromal areas surrounding the tumor, occasionally being 
only focal in character (fig. 11). Leukocytic infiltration was observed in 
only a small percentage of cases. In some areas foci of necrosis within 
the tumor contained moderate aminopeptidase activity. 

Other malignancies.—Examination of mixed tumors of the parotid 
gland revealed no stromal activity, but in an adenocarcinoma of the 
salivary gland (where marked invasion occurred) strong peptidase 
activity was observed. In a meningiothelial meningioma, prominent 
activity was confined entirely to the tumor cells (fig. 12). Examination 
of sections of melanocarcinoma revealed strong activity adjacent to 
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advancing clusters of malignant nevus cells (fig. 7), while in several in- 
stances moderate staining of the melanoma cells also was noted. 

Benign tumors and hyperplasia.—The parathyroid adenomas showed 
no peptidase activity. This lack of activity was also evident in the 
pancreatic islet-cell adenomas with clinical hypoglycemia. In the fibrocys- 
tic disease of the breast, with areas of sclerosing adenosis and papillo- 
matosis, prominent activity was limited to the duct and lobular epithe- 
lium. Also, in prostatic hyperplasia (benign prostatic hypertrophy) the 
epithelium and luminal contents of the glands stained, while the peri- 
glandular tissue activity was minimal. Desmoid tumors of the abdominal 
wall and leiomyomas of the uterus were unreactive in areas of greatest 
fibroblastic and smooth muscle proliferation. 

Experimental tumors.—In the intramuscularly transplanted, thorotrast- 
induced, spindle-cell sarcoma of mice, intense peptidase activity was 
present at the boundary of invasive tumor while tumor cells remained 
unreactive. The osteoclasts in the osteogenic sarcoma of mice, trans- 
planted intramuscularly, contained the enzyme, while the remaining 
tumor cells were unreactive, but at the sites of invasion of stroma at the 
tumor periphery peptidase activity was present. Stromal activity was 
also present in intramuscularly transplanted mammary carcinomas at 
the sites of stromal and striated muscle invasion (fig. 8). Moderate 
peptidase activity was observed at the invading border of both types of 
lymphosarcomas; however, most prominent was a strong staining reaction 
surrounding individual tumor cells in numerous areas within the tumor. 

Other conditions.—Epithelial retention cysts and radicular cysts re- 
vealed aminopeptidase activity only in scattered inflammatory cells — 
and vascular sprouts in the surrounding tissue. 


DISCUSSION 


From the findings of inhibitor and activator studies, it is evident that 
the enzyme demonstrated by the use of t-leucyl-8-naphthylamide as 
substrate is not identifiable with “leucine” aminopeptidase as defined by 
Smith et al. (10, 14), i.e., as a metal-dependent enzyme inhibited by 
Versene and citrate. The claim by Nachlas, Crawford, and Seligman (7) 
that an enzyme hydrolyzing t-leucyl-8-naphthylamide is ipso facto 
“leucine” aminopeptidase is not consistent with the observed facts. 
Other peptidases are known to split leucyl peptides and these have not 
been identifiable with “leucine” aminopeptidase (15). The finding that 
pL-alanyl-8-naphthylamide is hydrolyzed more rapidly than t-leucyl- 
8-naphthylamide in the histochemical preparation (9) is contrary to the 
described substrate specificity of ‘leucine’ aminopeptidase (10). The 
histochemically demonstrable aminopeptidase may be more closely as- 
sociated with one described by Greenstein et al. (16), which hydrolyzes 
amino acid-4-biphenylene amides. Recent studies by Waldschmidt- 
Leitz and Keller (17) have shown that so-called “leucine” aminopeptidase 
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is actually a mixture of peptidases, so it would indeed be remarkable if 
any histochemical substrate would exhibit preference for this hetero- 
geneous system. Therefore, if “leucine” aminopeptidase does not exist 
as a specific enzyme [and evidence to the contrary is indicated (17a)], then 
the specific terminology should not be used either biochemically (18) or 
histochemically. If “leucine” aminopeptidase should be found to exist 
as a specific enzyme, then the histochemically demonstrable enzyme 
system using amino acid-8-naphthylamides must be shown to have 
the same substrate specificity and evidence of metal dependence as that 
which defines the enzyme. Otherwise identity is not possible. It is of 
interest to note that all three substrates gave essentially identical distri- 
bution of activity in the tissue examined, and it would appear, therefore, 
that the leucyl residue does not confer specificity to the histochemical 
reaction. 

The need for a rapid coupling, noninhibitory diazonium salt, such as 
Corinth V or Garnet GBC (8), for the histochemical demonstration of 
enzymatic activity is apparent when comparison of localization with the 
results obtained with the inhibitory, slow-coupling diazonium salt [Diazo 
Blue B (8)] on comparably treated tissue is made. The sensitivity and 
accuracy of the present method becomes most evident with the finding 
of localization of aminopeptidase activity in the medullary vascular 
bundles of raw frozen guinea-pig kidney and limitation of activity to 
the luminal border of all proximal tubules of raw frozen rat kidney. 
These findings were not previously noted in an investigation in which 
comparably treated tissues were used (7). Coupling with a slow reacting 
diazonium salt will produce diffusion artifacts and false-positive locali- 
zation of enzymatic activity (12). Thus, spurious staining of stroma 
adjacent to sites of high activity, e.g., the breast and the prostatic duct 
epithelium, may result. 

The finding of increased activity of raw frozen sections of tissue as 
compared with frozen-dried material signifies either an activation of 
aminopeptidase by freezing and thawing or an inhibition of activity 
during the freeze-dry procedure or subsequent embedding. Which of 
these two factors accounts for the increased incubation time necessary 
for the demonstration of enzymatic activity in freeze-dry material is not 
known. But the identical localization of aminopeptidase activity, by 
the present method, on both frozen-dried and fresh frozen sections is 
indicative of the accuracy of localization described on frozen-dried 
material alone (1, 6). 

With the localization of aminopeptidase activity to known sites of 
breakdown of stroma, especially that adjacent to invading tumor (19), 
it becomes evident that this enzyme is involved in proteolysis rather 
than synthesis. As Sylvén states: “. . . microscopical changes usually 
appear to begin at a distance of one or a few millimeters from the tumor 
periphery and become more marked close to the tumor border. The 
changes include interstitial edema, swelling and dispersal of preformed 
collagen, and muscle fiber bundles, and various cytological changes of fibro- 
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blasts, ranging from regeneration to cytolysis” (20, p. 17). The in vitro 
preponderance of proteolysis to synthesis in exopeptidase reactions is a 
biochemical fact (21, p. 714). As evidenced by our findings in areas 
of necrosis in rheumatoid nodules, as well as in the findings in sites of 
actively proliferating dermatoses and dermatoses associated with break- 
down of ground substance (22, 23), aminopeptidase activity in these 
foci is also indicative of proteolysis. This interpretation is of extreme 
importance in evaluating the mechanism of spread of tumor cells, for 
proteolytic activity preceding tumor cells would destroy one protective 
mechanism against tumor spread—the integrity of the stromal compart- 
ment. As Berenblum states: “Even as a mere contributory factor, 
rapidity of growth only affords the scope for invasion by providing new 
tissue. The mechanism [for tumor invasion] involves other factors.” (24, 
p. 454). “The only possible mechanism left [for the invasive ability of 
malignant tumors] is that the malignant tumor cell elaborates some 
extracellular lytic products, capable of dissolving or partially destroying 
the tissue being invaded.” (24, p. 456). Aminopeptidase activity is 
probably only one of a series of proteolytic enzymatic reactions present 
in the stroma adjacent to invasive tumor and such stromal breakdown, 
therefore, may be the result of a continuum of enzymatic degradative 
processes. Sylvén and Malmgren (20), in a quantitative study of hun- 
dreds of experimental tumors, have noted this relationship of tumor 
invasiveness and the activity of various proteolytic enzymes. 

The mechanism for the establishment of proteolytic activity adjacent 
to tumor need not necessarily be found in the elaboration of a lytic 
substance per se by the tumor cells. In only certain tumor types, as we 
and others (3, 25) have shown, is aminopeptidase activity localized in 
the tumor cell itself. Jt is more likely that the prominent increase in 
stromal proteolytic activity is the result of an induction or activation of 
proteolytic enzymes by a factor or factors elaborated by tumor cells. It 
would therefore appear that the histochemically demonstrable stromal 
aminopeptidase may be activated by a factor elaborated by tumor cells, 
in the same manner as fibrinolysin is indirectly activated by streptokinase 
(26, p. 25). The possibility that the cells of invasive tumors elaborate 
a cofactor or coenzyme required for the activity of the histochemically 
demonstrable stromal peptidase must not be eliminated. Although we 
have been unable to identify the histochemically demonstrable peptidase 
with an enzyme known to be activated by complement (27), it is possible 
that a local tissue immune reaction may be stimulating aminopeptidase 
activity and consequent connective tissue and stromal dissolution. Green 
(28) has expressed this possibility in stating, “. . . the spread of tumors 
might be in part due to active aggression and cell infiltrations around 
them, expressions of an immune response.” It is evident from the 
complete lack of correlation between the degree and extent of fibroplasia 
and aminopeptidase activity that aminopeptidase activity in the stroma 
adjacent to tumors is not “characteristic of fibroblastic activity any- 
where” (4, 29). From our findings it is apparent that many areas of 
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stroma surrounding invasive tumor sites show marked fibroplasia, but 
no evident aminopeptidase activity. Contrariwise, in areas of necrosis, 
é.g., in the rheumatoid nodule, marked aminopeptidase activity is present 
in many sites lacking fibroplasia. In experimentally induced granulomas, 
examined at various stages of their development, insignificant amino- 
peptidase activity within fibroblasts has been reported (30). It follows, 
therefore, that a relationship between the degree and extent of amino- 
peptidase activity and nonspecific fibroblastic proliferation cannot be 
made. The heterogeneous distribution of aminopeptidase activity, as 
seen in a number of invasive tumors in the present study, is consistent 
with the known pathological fact that, when stromal destruction adjacent 
to tumor tissue occurs, it is not everywhere uniform. In some areas 
adjoining tumor cells, no histological evidence of stromal destruction 
is present. 

From our findings and those of others (2, 22, 23, 25) it is unlikely that 
increased aminopeptidase activity in stroma adjacent to tumor is indica- 
tive of the grade of anaplasia (malignancy) of the tumor, for certain 
locally invasive, benign neoplasms have been demonstrated to have 
prominent stromal activity (22). There is, however, every indication 
that a correlation between stromal aminopeptidase activity and the local 
invasiveness of tumor cells exists (2). This does not signify or connote 
in any way that all rapidly invasive tumors show increased stromal amino- 
peptidase activity, for in specific tumor types other enzyme.mechanisms (31) 
may be responsible for stromal dissolution, 7.e., dissolution of ground sub- 
stance and/or connective-tissue cells and fibers. 
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Ficure 1.—Rat kidney showing staining of luminal border of all proximal tubules. 
Fresh frozen; 1-hour incubation; Corinth V, leucyl substrate. 


Figure 2.—Consecutive section to figure 1. Note inhibition of reaction in outer 
cortex and diffuse staining of tubules in inner zone. Fresh frozen; 2-hour incuhs- 
tion; Diazo Blue B, leucyl substrate (7). 


Ficure 3.—Extensive fibroblastic proliferation in human wound healing. Note 
peptidase activity in fibroblasts in subepidermal zone and relative inactivity in 
areas of marked dermal fibroplasia. Fresh frozen; 1-hour incubation; Corinth V, 
leucyl substrate. 


Ficure 4.—Prominent peptidase activity only in stroma of rectal carcinoma. Human. 
Frozen-dried; 3-hour incubation; Garnet GBC, alany] substrate. 
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Figure 5.—Aminopeptidase activity immediately adjacent to invasive epidermo «| 
carcinoma of larynx. Neighboring areas of fibroblastic proliferation are inacti\; 
(top). Human. Frozen-dried; 3-hour incubation; Garnet GBC, alanyl substrate. 


Figure 6.—Aminopeptidase activity in stroma infiltrated by squamous carcinoma of 
skin. Human. Fresh frozen; 45-minute incubation; Corinth V, alanyl substrate. 
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Figure 7.—Aminopeptidase activity in stroma infiltrated by melanocarcinoma. 
Human. Frozen-dried; 4-hour incubation; Garnet GBC, alanyl substrate. 


Figure 8.—Aminopeptidase activity in stroma at site of infiltration of muscle (/op) 
by mammary carcinoma (bollom). Mouse. Fresh frogen; 1-hour incubation: 
Corinth V, alanyl substrate. 
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Ficure 9.—Aminopeptidase activity in wall of small vascular channel surrounded 
“fibrinoid”’ necrosis in early rheumatoid nodule. Note foci of fibroblastic prolif 
ation without enzymatic activity Human. Fresh frozen; 30-mini 
incubation; Corinth V, alanyl substrate. 


Figure 10.—Aminopeptidase activity localized to the luminal borders of a wei 
differentiated adenocarcinoma of sigmoid colon. Note unstained fibroblasts 
surrounding stroma. Human. Frozen-dried; 3-hour incubation; Garnet GBC, 
alanyl substrate. 
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Figure 11.—Aminopeptidase activity localized to focal stroma area without fibro- 
blastic activity adjacent to an epidermoid carcinoma of cervix. Neighboring areas 
of stroma show no peptidase activity. Human. Fresh frozen; l-hour incubation; 
Corinth V, alanyl substrate. 


Figure 12.—Aminopeptidase activity localized exclusively to tumor cells of a menin- 
gioma. Human. Frozen-dried; 4-hour incubation; Garnet GBC, alanyl substrate. 
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